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and: disseminating knowledge bearing upon jthe education of
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- ,

0

t diversity as~a,bas1c fact of human natﬁre, through
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, ‘ Pe —
o diversity as a central challenge fon educational

)
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- processes o - . .
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"er .

] diversity as a keyrissue in relations between .
individuals and ingtitutions, through, StUleSvOf
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) - 3 t
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Abstract

- L. B o .
~ oo e . RS ., B R }

This paper repgrts the results of the third of a series of colldborative
studies examining how joung children acquire the skills to represent. and
solve verbal addition dnd subtraction problems. The purpose of this
. study-was to ralate ‘children's cognitive procegsing capabilities and n
their grade 1eve1 to -their performance and to the strategies they used
when working- addition and subtraction problems. ~ -
&~ »
.o, From two sets of data -which* assessed memory capaceity and cognitive pro-
. cessing capacities, we identified six groups of children with different
. " specific cognitive characteristics. For a sample of 44,. children in Y
v * five classes at Grddes 1, 2, and 3 were _selectedafid- interviewed as they
worked a set of addition and ‘subtfaction ptoblems. Each child was inter-
viewed-on three occasions. Each intetview consisted of siX tasks given
‘under four of six conditions. Codes for three or four categories were -
- assigned to ‘eath child's response: model used, correctness, strategy,
error, ‘and if incorrect.. These data were then summarized in terms.of
percent correct and general ‘strategy. . "

I . N , i . e\\ ;. = . -

* For both percent correct ‘and strategy used, there were, important varia-
tions due to gioblem set -(size of number), to specific task, to instruction
over time, and’ te grade. However, what is clear is that children who diffe¥

__in cognitive processing capacity consistently. performed differently regard—

d less of the other important factors. -

&

[

.
~

7 L4
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1

This paper reports the results from one of a series of related
‘ collaborative studies carried out in SandynBaj, Tasmania, Australia,
m:x‘in'l979 and l980.. In those" studies, we examlned’how young children’
' acquire the skills to represent and solve a variety of verbal addition -
’n-and subtraction problems. We assumed that the evolution of children 8

perfoxmance on addition.and subtraction tasks must be related‘both\

1

:heir cognitive abilities and to their engagement in related instruc-

P

,tional activities;, The purpose of the study reported in this paper s

%was to relate the children's cognitive capacity and their grade level
. ] : - . <
, to their performance and to the strategies they used when working
&, . i i T - .
addition and subtraction problems. . - T T

e

A

. The.Collaborative Studies
§ jointly funded by the Research Committee

. This serieso:6s§2553§/w
of the Graduate chool at the University of Wisconsin, the University

of Wiscornsin Research and Development Center for Individualized Schooling,
-~ E3

'.and the University of Tasmania. The principal investigators of the

. studies brought different backgrounds and skills to' this collaborative

.effort. The identification of cognitive abilities grows out of Professor

Collfsi extensive d@rﬁ in cognitive development (for example, See,gg;lis &

©

) Biggs, 1979). The classroom engagement ideas stem from Professor Romberg's .

&

R - LA 9 =g
research on teaching (se; Romberg, Small, & Carnahan, 1979).

»
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‘The strategy adopted for the sequence of collaborative studies has

e

five, steps: 4 R . )

I . & .
1., Iaenéefy "M-gpace" for a population of children,of ages 4-8.
P -

VL L - . - -
2, Identify "cognitive processing. capabilities" gor the same set

of children. ot .

3./ From (1) and (z) i’dentify a well defined set of child“‘ren with

specific cognitive characteristics.

v b 4, From (3) identiiy,afsample of children and observe their engagé-
Ve ) “ N . )
.~" . ment in instructional activities on related tasks fot three months.

*5. Repeatedly measure, .on three occasions over the three month .

% st :

.period; the sample's performance and note the strategies they use with

~

N <
‘additdon and subtraction problem

+

This procedure will allow us to relate orma.ce at a given time - -

(in terms of level achieved and sg;ategyladopted) to t hild's cognitive

h
\/\ S

S

rpﬁi

. capability and to specific set of instructional activitiss the child\has
been engaged with. In this way, we can considervvarious questions about/'
“\
change in perfornance and strategy,and their possible causes.

3 »
. <0
-

3 -

ThiS Srud! “ ‘ ] "ﬁ “y

Ld

, The importance of knowing how children learn ‘the concepts of - procedures

- of addition and subtraction should be self~evident. Also, it is frequently

>

assumed that children‘must first master those computational skills, and

then begin to solve addition and subtraction problems. However it has

Fl A

“been clearly de;onstrated that children develop a variety of strategies )

for solving mathematical problems independent of instruction {c.f.,.

-

Ginsburg, 1977; Resnick,tl978; Carpenter, & Moser, l979). In fact, many

¢




L I ’ )
of the strategies they use are more sophisticated and demonstrate mote
) insight than the procedures that are taught. This raises qﬁestions
- . N
about the relationships of childrert's instructional experience and °

. <their capacity to their performance and their selection of strategXES.

- ! The popufﬂtion of children examined in the previous studies in

C this series (Romberg & Collis, l980a, 1980b) *“Ee clinically interviewed v

- ' on three occasions over a three month period .in 1980 (February 27-29,

’ ) N - i - -

April 9-11, and May 26-28). In each interview, .a set of verbal problems \\?\\

v _was given to edch student. Each child"s performance and strategies were

1

coded'hy the interviewer, This report presents the data from those

. . , # - i
ihterviews, ? < ) e~ ,\»471

Cognitive Capacity _—

. 5 ) .
‘To identify children with differing cognitive capacities, a three-’
» ’ . .

» - ;
step procedure was followed., First, we identified memory capacity -
) .

(M-space) for a population of children of ages 4-8 (Romberg & Collis,

’

1980a). [Four M-space tests|were administered.
Sec?nd we identified cognitive processing capabilities for t%e
same sét\of children (Romberg & Collis, l980b) Fifteen different tests
. were givépﬂ From a factor analysis;of those scores, a quantitative i

l‘ H -
factor, a\qualitative correspondence factor, and a logical reasoning
T AR : 3
! © factor were identified. ' :

H

rov. . 12N - . . .-
. JThird, from both sets of data, we identified six groups of children

with Hifferent specific cognitive characteristics. A cluster analysis

Y procedure was used to group the children, .

~

-~ N °

. gggnitive Level 1 children operate at M-space Level 1, are capable




- . . a - . R - ——
M Y A s

-
3

k . s
- - /
ol 4 - '

* of handling qualitative comparisons and tyansformations at a mbderate

”,: - leveL and are incapable of dealing’git quantitative tasks or logical

v
3

..reasdggng Cognitive’Levef 2 children operate at M-space Level 2,

Y - e
d <

handhe qualitative correspondence tasksf and cannot handle quantltative b e

and logical skills (but were chsider ly better than Group l on all )

P
¥

tasks).‘ gggnitive Level .3 children also operate at M-space_Level 2,
. i . e .

‘\age;high on qualitdtive correspondence, have developed the speciiic

countini'skills of(gounting—on and counting-back, are inadeguate in
~ 0N : . e

their use of thoseicounting skills on transitive reasoning, and %@e

inadequate on logical‘reasoning. Cognitive Level 4 children operate
1 . '
.,atﬂM~Space Level 3, are h{gh.on qualitative correspondence and all the

'
1 4 | -

quantitative tests,,but are inadequate on the logifal reasoning test. - T

Cogn itive Levels 5 and 6 are at ME?pace Levels 3 and 4,  They reach rhe

A ceiling } on the.qualitative correspondence tests,yhave very high scores o
1
) |

on. all the quantitative tests, and also are high on logical reasoning. o f‘
G

Because these latter two groups were both small, included only Coa

.

third graders,and displayed no differences in cognitive processing ) o

scores, the interview dataefor_these groups have been combined. The : -

number of children selected to ‘be interviewed in each group of children

. = - -

for each grade is shown in Table 1. Our intent was to have a sample of

. ¥

two to four students from each cognitive level. Ve began with rosters
of students from each grade-and their cognitive level. Fhen an initial

selection of students was hade. H%wevet,'after-school began, sone ,*

- b o

students originally n ane class were switched to another. The student’s

by cognitive levet‘and class in this - study are shown in Table 1.

. [ o

i
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1 ) . % ,v. \" '
a st '." B "ﬁ\ . - - . , -
o Taple 1 - ~ T . . -
N D Children.in -Each Cluster Group in Each gla§s' R
L e T <l , . t, . o .
/- . FE .0 ‘, ‘ ¥ 4

. ) - . ’.- ‘,‘w ’ » - ,. ~ ’ «

:'* . Sz..dy Bay ‘Infant Schopl Waimea Heights Primary School
Cognitive C : * Class . . Lo
" Level 1 o »3 Y4, . -5

: N ] L - "\ " . PR . ; g

Grade 1 Grade- 2 ~ Grade 3 "~ xGrade.3 . Grade

¢ . .. )L ,“r - N .t * - T, gy R

1™, /3 *> 2 . 0 . 0 - 0

.2 g 3 6 « o 4 0:

7 ; * : ‘ = ; ¢ :

3 2" 2 3 0 53

4 0 0 2 ™= 3 3

56 . 0 0 v 3 - 1 3

Totals ** 7 ' 10 7 - <11 9

~ ..

Interéiew Tasks ) “ o

o

S

An interview consisted of six problem types .(tasks) given under four
Y
of six conditions. The six types incl uded two problems solvable by addi—

ti0n cf the two given numbers and four problems solvable by subtraction
of the two given numbers.r Thé charactnrization for these six problem

types is detailed in Mbser (1979) and in Carpenter and Moser (1979) S

S—

stle 2 presents representative problems in the order in which the

problems were ‘administered to the children. The actual wording for each
. ) ) ¢ -
pfoblem type differed in the -four conditions,gbut the semantic structure

£
- - o
réemained constant. . _ . o

L4




Y
.o |

e . .
Within eachoproblem, two of three numbers from a_number triple‘(w,

L4 3

o A 73) defined byx+y= z, x <y <"z, were giveh. "In the two addition e

problems m; Y were presented, with the smaller number ® always given

* v

N

,ffirst. In the four I} traction problems, 3 and the larger addend‘ Y

‘
3
¥

s J :
were presented. Lnee‘ der of presentation of y, and 2 varied among probﬁ

& 1
‘

)

lem types. “ o . - ‘ R

o

. - - T
PR v e

~§‘ . The six problem types used wer presented under six conditions. TFour

*»
con@itions result from crossing smaller numbers vs. larger numbers w1th ¢

j ‘s»t- :‘,’:
s presence vs. absence of manipulative materials,. Figufe 1 shows these o

-

\ four conditions with the labels assigned to them. In the smaller number

7 problems (the "B" problems), t.e addition guideline of 52 8% 9 vas

imppsed In the larger number problems (the- el problems) the restric-
"tion on the sum- was 1l <z lS. ' < T e
’ ,7 For. the: interviews with third grade children,'the doma1n of ~digit

»

7 numbers was included. In the 2—digit domain, tw0 sub~domains were identi—

( fied. In the first ‘no regrouping (borrowing or carrying) is required io
7determine a difference.or sum when a computatronal algorithm 1s used. In
the‘second’oubrdomain, regrouping isrrequired, The no regrouping set is ' ';’;;

- R . ; ; -
called the npn problem set while the regrouping set is referred to ash'F

‘

-t

the "E" problems. For the two-digit problems, the sum z i$ restricted -

e

f to numbers in the 203 and 30s. All third-grade~children took the C,

D, and Eﬁpﬁﬁblems.rj gi‘,' "’ - . - . - ',_Vb,
Interview Method T L o e e
Three trained interviewers (see Martin & Moser, 1980, for details o

of interviewer trainivg and reliability) administered the interviews.
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.- . "Repr,es'entative. l’roblem"l‘ypes

. - v z . .
R » - .. - - - - - - o~

> N - R o o S, -
- § 1 .

“Task 1, .Joining 7(Atiiiii“t‘ion) o Pam had 3 shells. Her 'Brot})er zgave
. ‘ S "~ . her 6 more shells. How many shells
S S B . did- Fam. have altogether‘{

. Task_‘z.' Separating y(Subtraction) - Je~nny had 7 'e'rasers. -She gave 5
L o "+ . - . -erasers fo(Ben. How iany erasers - -
oL e did Jenny %left"”. o ' |
Task 3.' Part—Part-!Whole ’ v There are 5 fish-in a bowl. 3 are'* _
&issing addend (Subtrac- - striped and the,rest are, spotted.
o tion) et oA e How manyf spotted fish aré in the ;§*
- v I N o :'»»—;7“?' 5 ? : /fa R e bOW]'? - T - ‘¢ ' )
i Task 4. Part—Part-Whole o Matt has 2 bageball cards: He also
. (Adddtion) - -, - . - -has 4 football g;ards. “How many carrds
I T e : does Matt ha.ve altogether? e

. - - ¥ o - - -
e ~ ) B 5 _

'raskS Comparison (Sﬁbtraetion) { Angie ha3 4 1ady bugs. Her brother o
I -, " ..= .=+ Todd has 7.lady bugs.  How many-more
: °  lady bugs does Todd ‘have than Angie?

f'— R

'J.'ask 6. Joining Hissing Addend = Gene has 5 marshmallows. How many * - :
R (Subtraction) < . ' more: marshmallows ‘does he have to put -\
S 'ff— - with them so0 he has 8 marshmallows .

. . altogether? L s
- 7;“::%;7;’ * }1 - ) - ”: . ool :,:7‘1 - ;:A . o

* Nuliber Size

Presence of . - with | B LR SR — o
manigglatives - - - .

Figure 1. Conditions 7'fror: nonsymgolie;prob/leﬁl types. )
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7oL i - T S S 7 . - H e e
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. ] T : . / . ' .t
' One interviewer worked at Sgndy Bay Infaﬁt School and the other two at

> |
* i

Waimea Heights Primary School Each interviewer was able to conduct

* %

8 to 12 interviews in a- day, depending on %the schools sthedules and

Y

’on the task level (Level C tasks took longer than Level B- tasks.)

"Atithe schools,:the-interviewegs were assigned interviewjareas, which,

: for thélmost part, were quiet rooms separate fuom distracting activities.
The verbal tasks;wereiread and reread to the child as often as necessary 2 J
so'that remembering'the given numbers or relationships caused no diffi-

.

culty} An individual interview required two sessions, one for the B -

—i tasks and the other for C tasks (or one for the C and the other for

j D and E) The sessions lasted 15—25 _minutes each wlth -each child

: reeeiving the same sequence of problems. No child was interviewed
' tvice 4n one day.

“

. -

Coding‘Subject Responses

L : T

"All of the possible codings of student responses are presented in

detafn in Cooksbn and Moser (1080) Only a brief descr1ption is pre-

AR :

sented here, * The coding sheet upon which responses were recorded is

? ’ \

<
1

L A . . i qs
- shown in Figure 2, Three or four,elements were'coded for‘each.child!}
oo C T : ' R
model used, correctness,fstrategy,‘and if incorrect, error,. The

.~ codes used were}

- Hodel . -

c - The child used cubes to model (all or part of) the problem.

“F _ The child used fingers to model. ‘

’ T 4
N The l:hild— used no ph}"sieal model.
0

The child used some other physical model, such as chairs,

numerals on a clock face.
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o\ ‘ - h "' .
Bt Thé\child wri es a, horizontal additionicentence.'
. v+ ,f The Xhild writes a vgrti”al addition gentence.’ l 4‘
. T.( The ;kild wrltes tally marks. - ‘ : ‘
¢ - . .
H;',Q The. chi?? writes a horizontal subtraftion sentencg /
V- The chil& writes a vertical subtraéf;;n sentencg.
. P The ¢ child draws a picture (or quas;-picture) :
.%B_ . The child dravs an organizing box. ‘ f >
# - The child write§ nymbers, s SR
Correctness D - T ol ’
T A . : - \
Y " The answef'was correct. R r R "‘ .
N .Theianéﬁei vas ‘not, ‘correct. - -: o o
 UN Uncodaﬁlg: Fhe—child.gave apJ:nswer, but the iqtervié;er

was unable to ideﬁtify the strategy.used.

-~
<

¢S\ ‘The child'counts on fromnsmaller.

CL - The child counts on from Iarger. .
i .

'S The child. subitizes .

CA'  The child counts all, . ‘ . :

t

F' The chiid sepagaféé’fr@m. s g ‘
i‘ The %higg’éépaf;tes t;. s . |
MA' - The gh&id,matcﬂesg; ! o L , °
. " AD fhe,chilg adds on. ‘i _ - t vew o " ;
DF  The child cbgnts'down from, i ‘
‘DT - The child counts down to. ‘ ‘ T
UG Theichild quﬁts up)frqm given. . : > Lo E s
WU . The child.uses a héuriitiCa , S e
B : - < 4 - » »
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- (3 - ‘ r L] ! ! L4 ‘ ’ . ¥

- . B < ‘ ~ N

v '\ ‘l E !7

l'lw - * o - } i \ " = R .

vy N { \ .
. - ) . ~ . v “ “' ' . - “
#F . T“The chi}]d presents a number fact. . v
. ' 4 \ '

' . . o hd » . ) S
OF ° The child uses a wrong operation. ° . . . s
. LY TR S i .. ' -5 - ,7
al . The child uses an algoritim. ' . ." | con i BRI
i e ) '.\\ ] . 2 A s . \.. . N . . N -
AA  The child uses an additive algoritbm. . o .

S

A'L.'OP_‘:T‘he, child uses. an algorithm «with wrong operation. -

1

-KA/_OP.The child uses an addir.ive algorithm with wrong operation. . '_f

' QCS, “ . The clgiiid uses-a quasi-heuristic related to CS.

QCL ' . The child usefsf a quasi-heuristic related‘ to CL.
7 . b - A - . ' . s, £ ’ i N ) -~

QCA The chilq'l' useé'x quasi—-heuristic related tb CA.

R 4 - -

= \
""QDF - The 'chich uses a quasi-heuristic related to.DF.
‘ . QDT The child Aises . a quasiuheuristicq.related to DT,

. > - .

QUG The child uses a quasi-heuristic related, to o8

a ., . L2
~ N ‘ - ¢

UN . The child's response.was r.x'ncod'ab’],e.“° ' ' -
2"~ The child wab confused.. L o °
gr_rggg o \ o C

- M. . The child 7miscounts. r, “ . . ,,
6L :]:he chﬂd repeats giaen nunber, . ,'& .

F . The child forgets data. L. = ,

0 .\’Tl\ie ‘child uses wrong operat'ion.‘ : o , .

s - T}i’e‘ chiid;uses wrong sentence. ©a

A ¢ f The'qhild Uses wtong analfysis—. .

ﬂn ‘e - . -*"’ ) ) < w
The child makes a computatipnal error
Cco "The child mkes a‘basic fact error, -

i 2 R The child makes a representational error.
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individual SEudent Profile% S e '

4 v .
: A record ok Each subject's response to the tasks Vas compiied from
'{ ¢ M - L]

. @

T the coding sheecs. These profiles are the basis for all other statisti-

- . Data Aggregation and Analysis e . »

) cai information appearing in thig;baper. The profiles for all subjects <

are contained in Appendix D. Figure 3 provides an example of‘a student.

3
*

%
profile. Eor each tesk tt each level the four coded entriesggborder LT

B \f’. R
1 from lefa to right are model qorrectness, strategy, and errpr. The
l'
abbreviations used are explained in the previous section.

.

- - _ 5 - . [

~ o= - 1e

. -
-

Cr " The: data gathered in this study have been summarized in terms of

%

3
-

two categories} percedt correct and general strategy. The medel,
strategy, and error data are aggregited intoc five independent general « -
~ - ' T : :

sttategy gateiories for the B and c prohlems (direct modeling, use of
» e o._-n -

® -« - }
counting, routine méntal operations, Mdn-routine Qental operations,

. and inappropridte), and eigiit independent_generai strategy eategories .
. - . &,

° . ’ !
for the D and-E data (non-sent;nce/direct modeling, non-sentence/counting,
L4
non-sentencefroutine mental operation, non-sentence/non-routine mental

o . §

opefbtiqn, non-sentence/inappfopriate, sentence/algorithms, sentence/non-

algorithmic, inappropri-ate sﬁntence) Details of what specifig,, model’,
¢ . f N o )
strategy, and error data were used to form these categories are presented
" in Appendix C. - \

>4/

¥

-

' B e
.,The plan for analyses of the aggregated data was based on the design

mbdel shoyn in Figurd 4. JThere are two primary dimensions in this model--
differences in the 1eveﬁlof problem administeied and differences in

-~
- ’ !

‘ £ '




Y R - - .
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~ e -
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* °
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model . strategy
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correct °
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Figuf; 3. Sample’student profile for a singleeinterview.
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i ;

'_The problem dimension involves a com-

-

children's cognitive capacity.

',plexity‘crossed repeated-assessment (three interviews)fof six proBlem

sets (B+, B~, C+, C-, D, ‘and E) with six tasks in each set (joining,

-~ P4

7separéting,;. o o). The- student dimension involves children nested

in'cognitive levels within classes and in turn within grades.

The raw datg\entries for the data mhtrix ére,percent correct and .
- general stratesy\used by a student on each problem. It must be noted «
that the design yields an igcomplete data matrix since Grade 1 and “1.
_Grade 2 children did not take the D and E, problems, the‘Gr:de 3~children '
did not tag; the B.problems, and not all cognitive levels are represented"h

in each grade 1evel. o L , ) T i

Ideally, statistical analyses to test main effects and interactions
for such a data matrix involves developipg_log-liﬁbar models for an !

) incom?lete~frequency table, using the Newton-Raphson algorithm for- ‘ e
y .
computation of maximum—likelihood estimates In terms.of a series cf

El

weighted regression analyses, and then testing the estimates (using chi~

'

sguare statistics) to explore nhe adequacy of each model (Haberman, 1978) s

'-av’\
- %

Unfortunately, for this study such a complex analysis~wa% not possible.

-

The small number of subjects, the unequal cell sizes, the extensive

'incompleteuess of the matrix, and lack of vesources have limited us.

‘to describing_the!frequencies and testing a few of the differences with-- 1

chiJsguare°statistics.L

-

T lBecause of the large number of ®xials and the lack of -a systematic
plart to-test differences; an alpha level of .01 was arbirrarily chosen
to test significance. -In addition, tests which yielded probability
values between an-alpha of 05 and .01 (.05 > p > .01) were considered -

. marginally- “significant. All ¥?® values were calculated ‘via 2 x 2 con-
- tingency tables where frequency of correct answers_or strategy use was

’ dichotomized. E 1




L]
’,

. , . /l;'
, Correct Answers by Children 7

rd //’ _
The data for ‘percent of items answered co‘nrectly by children are’

sumarizéf'l first by examining the differences/ due to problem level

L 7 and then examining .the differences for ch}ldren with differing cognitive
. 2 d / '
processing capabilities. /

7

-~
N I
PR S .

. Problem sets. The percent correct for the total population over all
’ problem ,sets is shown in Table 3. Onl-y the_E problen;s are more c_iifficult
. i ;than' any of the others. However, the similarity of percent correct over

<

the B, C, and D problems is,artificial since different groups of studen.ts

k4

were given the different _problem types.

” : T'/ ,,.
Table 37 ,-"
> f N : T r"i . . -
.Frequency and Percent Correct-by -
PR . . , Level for the Tot7 Pdpulation -
. ‘ . ’
" '.. . . . - - ] 7 . =
Level L £/2 Trials
B - " 300 - "430/22 S 600
¢ - U774 1i17/72 : 1548 ,
p 456 O 330/72 456 )
. B 456 282/62 . . 456
* Total - : 1986 _ 2159/71 3060 g
: . — £
7 \\ !
:' a4 . . * . N * a
2

The basic tables used to construcr the following tables . o
appear in Appendix A. , ..




A~ 3 17
_ s 3N A .=
. Tasks.” Within each problem seé,'one item representing each of six ' .5§
tasks (joiaing, separating, part-parghwhole missing a-dend, partqpart- :}i

whole addition, comparison, and joining missing addend) was, given. ‘The o

2 M /

aggregated data over all interviews for each task at eacp level are pre-

sented in Table 4. Overall, not surprisingly, the two addition tasks

(1 and 5) are easier (81% and 76% correct) than for "the four subtraction
i - o\g_/ ’ » o
tasks*(2.73, 4, and 6) (§9%, 68%, 56%,"and 73% correct). To illustrate

‘some of the differences in percent correct,,we have chosen to contrast
- DA

‘performancevon tpe~separating (Task 2) and the comparison (Task 5)
pro lens., The differences in percent correct on these' two fasks (6§Z
‘ and 56%) is significant (x =,13.60, p < «01). ?

Interviews. Each child- was interviewed- on thregyoccasions. The

first interview was’ at the start of the Australian school year (February)

Thus, we expected some'inprovemenf in performanc since addition and

¢ ] . . s
Esubtraction gkills were enphasized in in%truc on in all classes. The

- & )

aggregated data over alltproblem levelq_are presented in Table 5. 'An in-

crease in percent correct occurred for each problem set from the first to

-

third interview. These differences i percent,correct were statistically

. ) T . . &, _—
, éignificant\for the B (x*'= 7.75, p/< .01), the D (x2 = 9,96, p < .01)

'and theE (x2\= l7 55, r» < .01) problem. sets. The differences ‘for the- 3
'C problems were onlyl marginall significant (x? 2 3, 97, .Ol <p < .05)

' Cognitive level, To e}énine whether differences in cognitive

0}

capacity are reflected in different percentages of correct responsest

ac

sepatate tables are presented for each problem set, " In Table 6, the

- v

data for the B problems which wgre given only to Grade 1 and Grade 2

- *
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Total ".411/81 . .. 510 . Total | 389/76 1510
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Level ) ) : Level ) o .
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N o .' - B ] g . ,;
Level s ¢ . N Level — e
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- Frequency and Percent: -Correct by
Leyvel and Int:ervibw( for tfie Total Population
 Level * Interview" - E/x ;Trials’

B ' \ 130/64 204

o 2 T~ _153/75 ‘204
3 147777 . 192
c o ‘ 357/68 - 528

T 385/75 516
- T £V T 504-
"D . EETR 100/66 - = 156
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c T 20
-children clearly shows,that there is a significant increase in percent -

-

correct (56% tof?ﬁ% to 88%) for ‘children with higher cognitive capacity

K= 4709, p< .0 T Lo , .
- :-; f For the C problems diven to all children, the percent correct for -
L S Y 21 -
. - children at different cognitive levels is shown in Table 7." The dif~

ferences are striking. The Level 1 children only got 227 correct while

' ¢ for children at Levels S and 6 got 96% correct. There is significant

-

. increase from.Level 1 to, Level 2 (22% to 55%, x = 94.38, p < .0L),
eve : I

< from’Level 2‘ce Level 3 (65% to 81%, X% = 26.74, B < .01), and again’

e from‘ievei 4 to Levels 5,6 (83 tb 963, x* = 20049, P < 761)

=%
A}

For the D and E problems .given only to 'Grade 3 children, the

’

pattern of correct responses are very similar (see Tables 8 and 9.

Thus, for summary purposes the data have been COmbined in Table 10.

>

L :' ?br these students, the difference between_ correct for children at =
.- cognitive LevelS'Z and- 3 (492 and 67%) is significant % = 11.76,
» p < .Ol) as are the diffarences betneen Cognitive Level 4 and -
-.Cognitive Level 5, 6 children (62%-and 832y, X° = 30: 65, p < .01) L
Also, there is a drop in performance between Cognitive Level 3 and. )

'Level 4 on both sets of problems but these differences are not v

aigniftcant7~w"~ - . L e e
: v - L e : s
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Table 8 i

B

. Frequency and Percent ‘Correct by

CognitiveLeve,lforAl:l Level D Tasks

¥

-7 ?
» B

“- -+ “Cognitive Level.’

41/5?7
9173
- 83/66

;05/37 '
- 330/72

- e
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} B . s ‘ . o 7 4 \
"~ Frequency and Percent Correct by \ '
el T - © .
~ Cognitive Level for All Level E Tasks - .
) _}_{_ /2. Trials '
"f , 1 4 ' i
B (;’
72 30742 3 72
© e . . * .
o132 . 79/60 . 13 _
. 126 72/57 126
126 101/80 126 M
456 1 282/62 456
- % ‘ -
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. ' ' \. . - \ ', ' . -’
. _Frequency and Percent Correct by Cognitive Level *
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: - SON £/% Trials,
T . r
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‘ .7 1]‘:; : 7'7 A b . '«d ’ . \‘:“ B
lv‘ A 7':(:7 - -“ - . . - .I
SRR SR .1 71/49
K A . . T . _ \ N
R T | 132 .\175/67 N .
Lok 1 155/62 .
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] 1Asks .bl witive level. Within each problem set, one item repre-. ‘
.o ,senting each of six \tnsks (joining, separating. part-—part-whole missing

|- addend, part-pnrt-whole addition* compaz'ison, and joining missing addend)a

) wns given. The percent correct data for each cognitive level for each

"e' R o - -
- - «

7553k in the B set of problems are presented in Table 11. The pattern of
differences between cognitive levels is consistent with Level 3 children )

perfotmins better *than Level 2 who in turn, perform better tnan the

. - -
VN

Leve1 1 children. < 7’-7—' " \ ) ) ) ‘ o Vo

-

A 'I'he percent* correct data for each cognitive l'evel on each task. for

’

- * .-

the c set of problems nre presented ‘in 'l‘able 12, Again a consistent

“,
(Ve

= " ‘ pattern of t‘.he higher eognitive level children gett.ipg as many or more -

‘ s ° K =

items coi'rect is npparent with pne “éxception. On Task ;i (part-part-whole L

missing addend) s the Level 4 children do not do as well as the Level 3

- > . -
e el . ’ . * . " e
e Y -
) ohildren. s ¢ " ’ ‘
L - - - 7— - - - e - ' . - -l
. ] S - L1

,.‘"q i -

= . The .same data for the D and E sets of px:obiems are shown in Table 13. .

- 'Q‘,i

.

And ngain the. same pnttern -is evident except for the Cognitive Level 4

_17 children whose performance is marginally lower than Level 3 children on :

re

= . P

Interviews by cognitive levels,, Each child was interviewed om— *f

vion —”—,: Since the first interview was at the start of the - Ve

LY £ h

) schoo]. year and instruction in addition and subtraction comprised a large

part of mathematics classes between interviews, we expected improvedf’

R

o e s me v e me =T

perfomnce over time. . The dsta for the ch:leren at cognitive levels ’

i []

- for :the;three;_inferviews on the B set of problems is shown in Table 14.

[ B - P o T . . - s ~
- z - A - M _ -

v
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: '?i'eqw:thr and Percent Correct by Cognitive Level for Each Level B Task
. _ . N . ., .

~

. _ e i V-
R oex Y telas. - N €7
T”liQininB (t*'l;;-' & . AN o * Task 4 PPW (+)
\7'4 e : . Co'gni,tivetl.ev_ef.é_
ce23f1r 0 30 - o ST, et 15 21/70

agfes - s2 - T2 26y 43/83 -
~i8/100 ., 18 % - 3 -9 x16/89* L

- 85/85- [ 100 ' Total * 50 - 80/80

- T?“‘ 2% Separating (<) S aay .» .l ' ” Task 5 , Comparison’ (=)
\ Co- : . - ] -
.- - — .. v -
‘ - 15 21/70 30 . T 1 7/23 -
Q}?‘ Y. - T - A . . m € - / R
L e 26, 42/81 52° . . 2 126 22/42
L9 T e/ . 18" ) oy 3 T e, e
. : -, - s 4 ‘ k 3
-, - 3 ~ , . N o
z 5,6 . L ot o Lt “t 5,6 ) )
" <Total / - 50 " 79779 © - 100 * - " Total 50 41/41 . 100

N ] - - . . / S
) ; 7 = -
: ., | Task 6 Joining, missing addend (=) -

B ] . ~ Ps ) - . &= i} . 4 Y )
.15 12/40° 30 : . 1 , 15 0 16/53
S ARt WOMTT . TS2 . 2 " 26 . ca/8s”
9 ~16/89 - 18 ¢ ' 3 g 17/9%
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A R Z;erequeti{:y and ,?eggqﬁt 7Cg§tl§7e;¢trb’y'(:o§n;!.t1\'rq;l.erve1 ‘for Each Level C Task
IR B :'{3:3 O f L - o L - .t ’
~— — 1;,1\7 R : = - —
* N £/« Trlals N - £/% Triale |
_fask 1 Joining (). . - P Task & PRV () E
- R AN B T ’ S - , X - . - e B B
gnitive Level .. - oo - X > Cognitive Level
B 15T 30 L 30 1 15 11/37
2 C 38 . S5m0 06 z - 38" 52/68
3 33, sviEs 66- h 3 33 53/80
E— , gf ',7:;7 - - , - - . ) o . .
4 S22 T 40/91 44 . b 22 -38/86 -
5,6 - = 40095 - _a2 v . 5.6 21 40/95
' Tosal " 129 201/78 258 Totai 129.  194/75
‘Task 2 Separating (-) - - ) . Tagsk 5 Comparison (=) e
,"‘- - N - = \ - ) T =
1 < 15" 723 * . 30 . ! 15 .-1/03 30
2 8 - - 52/68 _ - 76 2’ . 38 130/39 76"
* . - ~ ro. - - 71::;
3 33 51@7 . 66 o N 33 49/74 66
4 .22 wlr7 TR § 22 38/86 - . 44
56 o 40/95 42 5.6 21 39/93 12
Total’ 129 184/71 258 Total 129 . 157/58
} o 7 : - ’
R g?f . X T =
- Task 3 _PPW, migsing addend (-) ., Task 6 . Joining, missing addend (-} =
as’ 6/20 30 o a 15 6/20 :
. ,
. 38 54/71 76 \ 2 . 38 53/70
33:. 56/85 - , 66 3 33 54/82
- AN -_
22 33/75 44 4 22 37/84
voo20 . 4198 - .42 ; 5,6 - 21 41/98
T 229 190/74 " 258 - Total . 129 - 191/74
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. »  Tablel3
- Fréqu‘enc; -and ?erqenti Correct by Cognitive Level for Each Level D,E Task
- 7 i ’ : - . _ ,' 7
R £/ Trials " N Cga < Tefals
., _Taskl Jolning ) i Task 4 PRW (4) ETER
@ogﬁitivg Level Cognitive Level ‘ .- -
R T ' - . , - 1 e
2 e 12 16/67_ 24 2 12 - < e
3 © 22 0 39/89 %4 3 2 31
4, 21 - | " 33/78 0 " 73 IR V7
5,6 21. - -.31/88 ) 5,6 : 21 - 39/93°
Total .76, 125/82 152 © Total 6 1s/76
Task 2° Separating -) ' Task 5. Cc;mparibon -)
- . - N - 3 T
1 ‘ . ' - 1 . o .
2 . 12 10/42 - 24 .2 ‘12 12/50
3 22 - . 27/61 44 3 22 28/64
4 21 " 21/50 42 4 21 20/48
5,6 21 : 31474 42 ' 5,6 ° 21 T30/
Total . 76 89/58 "152 Total 76 90/59
. - : . ; . -t - . i
Task 3 PPW, missing addend (-) Task 6 Joining, missing adden'd (-),7
. x
! 1 4
' .2 - 12 9/38 24 2 12 T T10/42
3 22 ° 22/50 . 4 . .3 22 29/66
4 .2 22/52 42 4 21 - 28/67
5,6- 2% . 35/83 42 5.6 Coe 21 38/90 -
Total . 76 88/58 152 Total ) 76 105/68 -
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Frggueqcy and Percent Corredﬁ by Coggitiﬁé,Level‘ -
< e e " R i ; Y R P .
S and Interview for All Level B Tagsks  ’

¢ IR I 7' . Trialg

' : ) Interview 1 o )
.- Cogaitive Level o ‘
PR SRR : 30 ¢~ _28/471 60 L ‘
2 54 . . 72/67 ’ 108 ,,
3. .. . .18 30/83 _ 36 '

Total AR (') . 130/64 204 -
" R 4 ) . 3
",:“ " Interview 2. . - | T Y
17 30 32/53 60. .
L2 . 54 87/81 . 108~ ¢
3 18 34/94 7 36
. )
5,6 v
Total 102 153/75 . 204
! _Intgrview’}e . N
1 30 40/67 60 “
2 48 76/79 © 96
3 18 ~—  31/86 . 36
& s )
5,6 _ .
Total T 9% 147/71 . 192
] 1
K ;




LS .

I ; ‘ Instructirn would appear to have been most beneficial for Cognitive Level
T K . . 4

= ) 1 children since their Scores changed from 477 to 67% correct from the

Al

. 11 N
first interview to the third} hohever, there is clearly a ceiling effect
for the children at higher cognitive levels. Also, the r‘ttern*of the

. _higher nercent correct being achieved by the higher cognitive levels re~ -

.

§ -

Cio 't radns constant. c Al )
. M .6 ¢ [N
- . ,* . - [The.data for children at differing cognitive levelﬁ on the C tasks B
':71 ﬁ . . -‘. .
. R are shown in Téble 15. Here, the performance of the few Level 1 children

does not improve while aN other groups improve (with one exception) over
‘: etime and ‘the pattern of higher level yielding higher achievéhent 1@ ’
generally conéistent. '
Similar data for the'D and E problems sets are presented in Table 16.

Here' again,both improvement over time ana higher cognitive level getting

higher percent correct is apparent with two exceptions: the Level &

children slip-from'Intergiew 1 to 2 but improve by Interview 2; the
. : \ .

= " Level 5,6 children fail tosimprove (slip a little) from Interview 2 to 3.
Bl ¥

“

Grade by cqggitive level. Since children were also in different"

-

grades, differences in childTen' s cognitive levels within each grade were

. also examined. The,data from.Grades 1 and 2 on the B problem set appear

3

in Table‘ 17! There is no overall grade effect (68% correct at Grade 1
and 74% at,Grade 2), although there is more within érade variance in

S v . , G . . : ’
Grade 2, (See Tables Al-A6 in Appendix A.)

Data for all three.grades on-the C problem are presented in Table

18. Here. there ig a significant]grade effect. Grade 3 children answer

' 87% of the preblems correct compared to, 57% for the Grade 2 children
{ . , ‘ S




Frequency and Percent Coyfect by Cognitive Level

. -
o

— =~ " and Interview

‘f/z

*

Interview 1

15/25
1 89/57

96/73

[‘ ' ’ - : ) . P , PAEY
A o 48 . 79/82 : 96
! i . ’ . + ! ' L
. . . ¥ '4
5,6 ¢ 42 78/93: .. 84 :
. N S ¢
Cu : ’\ Total b 264 .357/68 528
) kY ) . e ”
é, ooy Interview 2 .
"‘ . - . N T -
. o1 / 30, 17/28 60 5 .
‘ : 2 .18 106/68 156 R

3 - 66 109/82 132
P - . ) . . 3

4 ‘ 42 . 72/86 84 »

. ' © 5,6 a2 81/96 - ¥84 B

Total ‘258 . 385/75. 516

' Interview 3 ' -

el . ) -0 or

~ .n 30 813 .. .6
. 2 T 72 . - 101/70 0 w4t -y

3 - . 66 115/87 . 132
4 42, 69/82 .84
. 5,6 , 42+ " 82/98 84 > ,

-~ Total & 252  _ 875/74 . 504 -
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Table 16 -

‘Frequency ‘and ‘Pexcent Correct by Cognitive Level
’ o ' TR
and,i,[nte’rview- for All Level D,E Tasks |

3 « <
. -

M )

I N ' /%, . Trials

Interview 1

[y

- ~
1 .
N e - —— T

2 W 24 - 11723 . 48
3. L 48" 54/56 96 .

"4 i I 48/57 . . 84
5,6 42 66/78 a 84
Total- - . = 136 . 179/57 312
L/ ; 3 f C
o Ihtgtview' y \
LY e ’\' i

1 . : .
2 24 127756 .. 48

3 " 3% 50/69 72

4 Y = 71> U

. 5,6 , .42 73/87- . _  8A

Total -/ w4+ i93ger 288
e , o
— - Interview 3 )
J———— — 2 . \

2 ) 2% 33/69 . 48

3 .. - 48 “72/75- ' 96
4 a2 . 6476 84
s o ok 71/84 84
rotal . . 156 . - 240/77 312

- - « -
- . B ~ . . 3




] = ‘Table 17 ’

b R - T .

- Frequency and Percent . Correct by Cognitive Level
" 7ai‘ui ‘Grade ‘for All Level B Tasks

i

-

- ) ) _1_1 £/% - _ Triale

. " Grade'l . .

)

7 —2 - T . v
L N\ e > B R . . ﬁ . .‘x. )
(¥§ Lo, .18 Lo 26/72. ,

g

o ae ot T eas

.t B « s
: ’

®
» IS ~

5,’6 “‘ ° -

. . Cognitive Level . ‘ , L E
R T S

34147, :

2 Lo-o1& - 172/75 228
3 . ... % 169/96 72
PO S B
56 | - :
- Total - 186 . 275/74 372
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(x - 136 89, p < .01) and 362 for the Grade 1 difference %= 25 64
p < .01){ wa*ver, the within 3rade data confirms the overall pattern
\g the higher the cognitive level the higher the performance. DRI

In sunmary, although these are important variations in performance
. #
due to problem set (size of number), to specific task to instruction o

- e,
-

v

over time and to 3rade, what is clear 1s that children who have been
identified as having different cognitive processing capabilities . :

consistently perform differently on these addition and suhtraction Vo
- O

N )

> -4 &=

Strategies'Used by‘Children

P e

As outlined in the first part of this paper, the data on strategies _;:

. \~used by children have been summarized in terms of five categories for
\ - \,,, .
the B and C ptoblem sets (direct modeiing, counting, routine mental

v .- -3 .

\operations, nonaroutine mental operations, ‘and inappropriate) and eight

-

categories for the.D and E problem sets (the same five no sentEnce

-

categories,as for B and c tasks and correct sentence-algorithmic,

PR A
1’

*correct sentence-non-algorithmic, and" incorrect eentence)

- i:Av::

Problen seta.?; The overalL use,of these strategies for .the total

_ v e

-

population over sll problem sets is shown in Table 19.“ No one strategy:i L

7 predominates even though the numbers get 1arger with different problem:

sets.( For theJB and c problems,“four of the five categories of "

=

strstegies are used almost equally overall, snd the only shift is from

m.—jnf‘vxrrqv. 4:. - - éw '{3:

T R lal

’—7— —' - - TR Y

, . v
- 3The basic tables used tb construct the following summary tables
appear in Appendix B; o - o -

'6»‘.;‘
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R oA, Table 19 . L
I :(, - p «_<\ e- - .
of Use of Strategi is- by I.evel and Category for the Total Population t
.. ,modeling ,lental op. ‘ Inapptop.— ] . ;
C TR S £/~ Trials s
228/38 . 80/13  139/23 . 18/03 . 135/22 600
, “339/22  -393/25 . 362/23 ee . MY0E - 327/21 1548
dal  577/27 ' 473f225 - S0L/23 .. 13/06 .. 462/21 2148 ° ;
U oads -~ - A ;Y :1,”:1 - AR L 57:4 cor ‘

/,,; A T ’ 7 < li’ncori;cf;
b / ) . * ° 7iNo sentence - - -’ Correct sentence senterice .
. K_Dix‘:eo; S 7};7}:,Rout1ne 6 ;ﬁori:rootineo . All ‘

modeling - Counting ~ mental- op. _mental op. Inapprop. Alg. ‘ Non-alg. strategie
7 Y SR 7 S ) - “g/x £/% £/% £/%
, —+ — -
- . - f ’ o
Level - ) . -
88/19 - 106/23 82/18 18/04, 60/13 95/21 1.-/01& . 3/01
E, 90/20 90/20 57/12 /01 100/22 ~ .101/22 4/01 10/02
, ) 7 , A o,
178/20 196/21 ~139/15 . ¢ 22/02. 160/18 196/21 +8/01 - . 13/0;
~ q,’ - 1
z o \ .
- 3 ¢
. o nH 48 '
RIC * - - * :




N - ‘ . AR _—
, use af direct modeling tofuse of counting as one goes from the smaller

B numbers to the larger numbers in the C problems. These differences

in frequencies of use of. direct modeling and of counting between the

B an? problems out of the total Set of responses are both sta{;stically

I3

significant (x = 65, 25, P <‘.01 and x2 = 29.27, p < <01). For the
D and E problem seta, only 21% of tne children wrote a sentence and
i
workedait algorithmicallye although classroom instruction had emphasized

7

algorfshmic work The four major non-sentence categories of strategies

continued to.be used on the larger numbers in the D'and E problem sets,\

¢ \Y R x

which require regrouping. The only si ificant major shift in the

*

strategy from D to -E problems .48 the increaan*gn use of inapPrOpriate ;

- non-sentence strategies~(x = 12.12, p < .01). There is also a ?e

-

' corresponding decrease in use of routine mental{bperations, doing the
problem in one's head, which is only marginally significant (x% = 5.30,

. l <p< .05) Children*probably try to work E prdb]ems in their heads

8]

and get mixed up rather than adopting an efficient strategz;yhich they

<

had been taught.—,— s : ‘f’f ‘.
Tasks. Within each problem set, one item representing each of
rsix taska (joining, separating, art-part-whole missing addend, part—
'; part-whole addition, compariso ’ and‘joinw‘g missing addend) is given.
The aggregated strategy data oue all interuie;:ﬁfor each task are|:

prégénted,inﬂTable 20. To iilustrate the differentsstrategies used

J
%

for the tasks, we have again chosen to contrast performances on the

separating (Task 2) and the- comparison (Trak 5) problems. The

# v/

~
i
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Tah.e 20 LoD

(contiruad )

i Frequency of” Use of Stntegies by Task and Level for t:he 'ro::al Population )
" Direct " Routine  Nonroutine _ ‘ Incorrect -
modeling . COuntins _ mental op. . mental op. Inapprop. Alg. Nor-alg. sentence -
£/2 N3 £y Stz £/% €% £% £/ . -
v " “fask 1, Joining @)s "« ' ' »
45/45 11/11 .27/27 9/09 8/08 s .
'57/22 -65/25 - 73/28 " 26/10 - 37/14 .
14/09 13/09 -49/32 - 2/01 13/09 59/39 2/01 0/0
116/23 89/17 149/29 37/07 58/11 59/12 2/0 - 0/o
; N Task 2 ,Sep'arating {~)
54/54 5/05 .- 24/24 -2/02 15/15 )
73/28 59/23 46/18 26/10 . 54/21 S
45/30 18/12 12/08 1/ 20/13 48/31 4/03 \ 4103
« 172/36 . 82/16 -82/16 29/06 89/17 , 48/09 4/01 4/01
. . \ P ‘ R o I
o Task 3 * PPW, missing addend. () .
- -
47/47 4/04 21/21 3/03 25/25'
=, 73/28 58/22 57/22 23/09 47/18
44/29 36/24 15/10 2/01 36/23 16/10 1/01
Toral . 164/32 98/19 93/18 28/05 108/21 -, 16/03 " 1/0
Task 4 PPW (+) ’
. 52/52 13/13 23/23 1/01 11/11 g
c 66/26 73/28 64/25 12/05 . 43/17
- D,E 17/11 13/09 35/23 0/0 26/17 - 61/40 - 0/9
“Total  135/26 © * 99/19  122/24 13/03 80/16 6i/12  0/0
. 5 5 .
- T =7
KRR

E
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) o ’\'\ R Tabla 20 (conﬂnued) 1 ,

Di.iec't;: Koutine -~ Nonroutine ,:7 R o
wmodeling ' Cmmt:lng  mental. op. -~ mental op. Inapprop. _ Alg. Non-alg.
EfX - £/% - R R N L £1%

7 o TaskS " Comparison (-) . -

13/15 9/09 - 14/14 1o 61/61
40/16 - 68/26 49719 13/95 ., 88/3% .
27/18 58/38  11/07 - /05 31z T 1005 [ofo
t82/16  135/26 . 74/15 - ,21/04 186/36 7700 0/0
ot aTask 6 Joiuiég, niseing -addend (-) ,
L1515 38/38 30/30 L “ 2002 . 15/15 '
40/16 3 70/27° + "13/28 , - 17/06 s8/22 ,
“31/20 . 58/38 17/11 -, 10/07 28/18. 5/03 " 1/01
86/17  '166/32 . 120/23 L . 29/06 101/20 5/01 1/0
. i o - . 3
- h | | @ !
. ¢ 5 ) -
T ) y I
.V , ] ,
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differences in frequency of use of the direct modeling and inappropiate
strategies on these ‘two tasks was significant for those who took the D.

_and E problem sets (X* = 41.70,-p-< .01 and X* = 86.75, p < .01). The

differences if frequ ncy of use of the subtraction algorithm was also D
significant for those who took the D and E problem sets (x2 ="38.7, o
p < .01). Clearly, although both problems can be solved .by subtraction,

the problems are perceived-by students as being quite different, and

-

hence, cney use different strategies with each

< <

Each child was interviewed on three occasions

Interviews. ~Since- —
the first interview was at the start. of the school yedr and arithmetic
f “. .
) instruction comprised a large part of mathematics classes between inter- ”,

Eal

v

views,bone would expect some shifts in use of strategies over time The' -

aggregated data on use of stﬁategies over all tasks are‘presented in:

~ t

] Table 21 . . . - N . L e -

[y

For the B tasks, there is some. fluctuation in use of strategies oven

the interviews, although direct modeling, use of rOutine mental operations,

and use of inappropriate strategieS‘are most often used and change little

v -

from ‘interview to interview. - )

For the C problems, there are two shifts thataare significant . Use

of direct modeling drops from 33% on the first interview to 14/ on the
>

At the same time, use of routine mental

third (x?

’= 52.81, p< 001).

operations increases from 102 to 32% (x*

= 74,19, p < 01)9

Similarly,

for the ] and E problems, the use of algorithms increases from 17% to

302 from the first to third interviews- (X*

= 16.45, p < .01).

In both later cases, the increased use of routine arithmetic

v -
-

strategies is consistent with the instructional emphasis 1n the
',

classes, In fact, what is surprising is that those strategies are ¥

L4

only used in less than a third of the problems. - v
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e - * Table 21. N ~ ST
- - R R -] - , . & d
o w_ncy of Use of Strategies by Level, Interview, and Category for the Total P‘opulation
Y ——— % . ] . LY - . LS
Direct e Nonroutine ° . Incorrec
- -modeling Counting ; mental op. Igapprop. Alg. Non-~alg. sentenc
Interview - - £/% E1T T el £ - £I% £/ 1
, ] . - — - ' - ' % ) é’ :
1 .7 81/40 28/14 - 51/25 1/0+ 43/21
2. 840  -17/08 - - 41/20 10/05 55/27
3 66/34 © % 35/18 - 47724 7/04 3119 - -
1 175733 144/271 . - 5310 41jos  c-us/2 . -
o7 2. J04/20 118/23 149/29 28/05° [ 17/23°
v 3 70/14  .131/26 " 160/32 48/10 °  95/19
1 © 6922 76/26°  '38/11 ,11/03 . . 65/21 52/17  2/01 2/00 7
. .- ‘( 5‘ - + [y 3 I
2 61/21 55/19 © 57/20 5002 .53/18 49/17 - $/02 301
: ~ . - S N S : o e
s 3 48715 65/21 47/15 6/02 - 42/13 "95/30 . 1/00° 8103 -
s . om y - N ‘ - -
= N .
-7 ) L . <
¢ e
< - T
? = s W:?
1 ) - 1 i;;:j
X
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A

ln summation,oeach of ;the features of the problem dimension in this study
yielded interesting results, Different types of strategies are:used .
. L ,
by children as the problem cets use larger and larger numbers. Different

4 - . . M A 'a
:Strategies‘are used with different tasks°and there are a few shifts in

strategy use from the first‘interview to the third. 1In all, this yields

a complex picture in which a wide variety of strategies used by

dren for. differing types of problems.
éx{Tébggitive level. To examine whether differences in cognitiye - ' o
capac12y>\r ‘reflected in‘different uses of strategies, separate tahles
are present:d\fo\\each problem set. For the B problems giVen only to -
Grade 1 and 2 children (Table 22), there was a significant- increase in
use 2of routine mental opérations (8% to 27% to 36%) for ¢hildren wit:heb

'higher cognitive capacity (x 36 97, p < Pl) and a corresponding

_significant decrease in use of an inappropriate strategy (39% to 187 to N
72) o? = 34 80, p < .Ol) The frequency of use of the’ other categories‘

L] . 4 '
" remains constant Qver cogﬁitive levels. // ' ) - L

For the C proBlemsjgiven to all children, thée strategy data for -
children with differing cognitive levél are shown in Table 23.. The .
~ oz 4 - 3

picture here is more dramatic., Children at Cognitive Level 1 either
. = q. . .

directly model the problems (28% of the trials) or use an inappropriate

strategy (702 of the trials) Use of an inappropriate strategy goes .

down consistently withwgogniﬁive Eével (70% for Level l children to 0%
for Level 5,6 children) Direct modeling is the most ortenxused strategy

A _at Cognitive Level 23 counting at Level 3; and routine mental operations’ °*

-

at Cognitive Levels 4; and 5,6 where codnting‘was also used frequently.’

- . . =~ - -
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© . . Table 22, |/

h

Z ~
e _
e

'69/38 20/11 15/08

156, “120/38 43/14 85/27

4 - 39/3 . 17/16 39/36

300 228/38

<

80/13 _ - 339723

5/03 .

r8lo2
5/05
T 718/03

Freg\;gncy of Use of Strateg.e ' Cognitive Level and Category for All Level B .Tasks
7‘_, . - - ° ' e ) .
h ,; ;‘ " ; N - , - —
E Direct ° ___ Routine Nonroutine .
.- . ____s-mcdeling .- Counting”  mental op. mental op. Inapprop.
A N N 7/ 3 . £/ 7)1 £/% £/%
;éogllit:i,ve,~Lé:vel . ' ‘ ié

T 71/39

56/18 , < :
£ M
8/07 1

135/22 60

4
Al
’)
M
>
.
1g
’ g .
‘Lo«
' - o
’ .
@
. "o
* -
Y - %
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Frequency of -Use 6f@tra3:egie)s by Cognitive Leve! and Category for All Level C Tasks

-

[

.Table 23

<

4

Direct

N o Routine Nonroutine <
' , - modeling Counting’ mental op. mental op.- Inapprop.
N £/% £/% £/% £/% o £/%
. Cognitive Level : ) .
1 90 50/28 1/0+ 2/01 0/0 127/70
v 2, 228 166/36 82/18 59/13. 27/06 122/27 4
’ ‘/ “
L\ 3 198 | 71/18 130/33 104/26 38/10 53/13
* \, 4 132 30/11 79/30 ©92/35, ~  38/14 25/09
5,6 " 126 32/13° 101/40 105/42 14/06 - 0/0
Total 774 349/22 393/25 362/22 117/08 ‘327/21 1548‘;5,
. 2 . . R
N . / :
’ . ' j
[} . x
3 . -
{ ¢




For the D P oblems which were taken only by the third-grade children.
.3 - . ‘ H . t
The strategy data are summarized in Table 24. :*Between Cognitive Level 2

» e

and Level 5 6,tthere is a significant increase in use of counting strategies

from 12% to 332 (x = 10, 40, p<..01) and a corresponding deerease in use »

of inappropriate strategies from 29% to 2% (x* = 30. 86, p < .0L). ' e

4

The ‘data for the E problems, also given only to, third graders, are

summarized in Table 25. As for the D problems ~from Level 2 ‘to Level 5,6,

- -use of counting strategies increased significantly from 4% to 327

(x = 20 50, p < .Ol) -and use of inappropriate strategies decreased S‘
] . ‘

from 44% to 5% (x = 46, 52, P <..Ol) For both Level D tasks and Level E °
tasks, there was no appreciable increase in use of algorithms by children .
at higher cognitive levels (D, 21% to 22%, E, 267 to 25%). Since the
D and E problems are approached with similar strategies, the data have

been combined in Table‘26. <

~

Tasks by Cognitive‘Level ’

Uithin‘each problem set' one item representing each of six tasks
* 4

(joining, separate, part-part-whole missing addend, part-part-whole
addition, comparison, and Joining missing addend) was given1~hIhe S

strategy data for each cognitive level for each task for the B set of

4
&

problems are presented in Table 27. .A consistent inverse relationship

between use of inappropriate strategies and cognitive level ie apparen.,

"

Although the percentages of various strategiec used with each of the
S
taska differs, the patterns of use seem to be consistent across cognitive

level. For example, direct modeling is not used by very many student 8

.

o7




. . " ‘ Table 24 .
) Freguénc’y, of Use of Sttdtegi;?:?.‘zﬁfcdgﬁl:ﬂ\?é Level anc Categor; for All Level D Tasks T
b - - i' ;7‘ _ T > - > . . . - . .
£ - — ‘.. = - - =
# " Direct .. . Routine Nonroutipe L ) :
= - -modeling Counting ~ mental op. mental op. * lqapprop;:\_*‘ Alg. 4 Non-alg. sentence-
- R I} £/2 - £/% £/2 - fI% £/% £/% © %
, . . 7 7,‘ ) * i . . ¢ 4
Cognitive Level® - /. . ‘ , .
T2 ) 14/19 . 912 8/11 3/04 21/28, . 15/21%s= 1/01 1/0%
7 ) . N . % L -
3 29/22 - 27/20 24/18 .5/06 ~ - 21/16 2519 . o/0 - 1/01
L 25/20 28/22 23/18 - .9/07 T15/12 . 24/19 1/01 \2/02
:7 ; . ) T ) ’ ) -
. 5,6 20/16 42/33 27/21 1/01 3/02 31/25 2/02 ., . o0/o .
’f N i S Coe -
Lo T
e - t N . : ;’ / i . - ‘6 . e
f’ " ‘a
- / ,
7
. / . wa~ .
. / - ! . 3 . .
«4 / = T N M ' _
‘.\ . / - : (- M
rd X //,/ P i .
N , . - oY ) :
e e
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A

Frequency éf ,Use‘;ofj s'trategiéfl;—ii Co@it‘ﬁé Level and Category, for, All Level E Tasks

. ,.7/ f -
/ Table 25 |

»

.

2, &

1

-

Direct -

Rbut:lng;v ° - Nomroutine

>

L . -
modeling:  Counting  mental op. - -mental op. Inapprop. Alg. ° Non-slg.
. 1) 4 N 77 20 £/% O El% £/% £/% £/%
) %
T~ \4» : w N . =
5/07_ 3/04 1o 2/03 32/44 19'26 . 2703
. 28/2% /23 . w13 0/0 30/23 ° 24/18° 101
RN oy i
© 29/23 17/13; 17/13 -1 o1/01 32/25, - 271/21 0;0
T : b - .
28/22 40/32 . 16/13 1/01 6/05 - - 31/25 /o1
Uy
-« s
: e s - 3
o ‘t‘*‘.; . £y *
I = .
“ 7 \
: st o 4 -
‘ ‘ v c
. ,:’a “ . ¢ - ~
b L - N 59. : -~ ) 3
. o R .- -ow i o
- t .
L AR o > °
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X ’ ftdquenc} of‘ Usé;gf S’ti'agegig'; bj[ Qoguitivé:hevel and Category for All Leyel Dtg:;i‘aska . . R
B - A . ° s o ) ¢ ' - 3 » ) 'Iinco:’regcv ‘
NCE ~_ No-sentence . Corred: sentence .- sentence
. ’ Direct s I Routine:  Nonroutine ) — — 7, :‘.11 L - —
= . modeling Counting - mental op.” mental op.  Inapprop. Alg. Non-alg. ~ strat, - . <o
N g% £ . £1%. - £/% £/% £/2 S 7/

£/2

i

. - . i . - * L] :7‘ -9
.7 "-Cognitive Level - LI . T : v - oo .
e, . 1 93 1jos. 15/10 . '5/03 75337 - 3424 302 S 302
} 3 . 132 57{22" * 57/22 41/16.* 5702 51/19 > 49719 1/0 -3/01
2 , 3 . 2 i B ! A i ) )
4 . 126 54/21 45/18 " 40/16 10/04 47/19 51720 1/0, 4f02
" . 7‘ , . . -~ . . 4“ ‘ * - 14 . . 7
V5,6 . 126+ - 48/19-  82/32.0  43/17 2/01 9/03 - 62/25 - - 3/01 5 3/01 .. 252
Lo - . . LU - o . , s
‘Total 456 .173/’29 v 196721 - 139/15: o 22/02 - 160/18 196/21 ©  8/01 13/01 .
Y } P ' K )
&= - !
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- ) . Table 27 .

. ,,..:‘ - . -

rrequency of Use of Strategies by COgn:ltive Level and Categoty for Each Level B 'l‘ask v

¢
.

oo . Diréc;:‘ . Rontine * Nonroutine -
T A modelIng  Cowmting . mental op. - W‘t‘ﬂ:’b’p—"l‘mp
R £/2 - E/X £/% ‘ £/% 'l‘rials
. - ,_/ . H : .Task } Joining (+) . . . . < p ,
Cognitive Level . g . ) ’ . .
Jonasar 4 - . sy ' -~ ’
e 15 16/53 3o 3/10 4/13 4/13 30
A 26 23/44 510 17/33 3/06 7 4/08 © .52
, - 9 «  6/33 317 7/39 2/11 0/0 18
Total » . .50 4s/4s 11/11 27/27 9/09 . 8/08, * 100
;o :‘ -Ta;s;c“ 2 Separating z:; - )
15 /57 1/03 ° 2/07 0/0 10/33 0
.26 27/52 . '3/06 16/31 2/04 . 4/08 . 52
9 .. 10/56 1/06° 6/32 0/0 1/06 18
Total 5¢ ., 54/54, ., 5/05 . 24/24 T 2/02 15/15 ©, 100
- 5 b : - . x . ))4 Y
~ - ) Task’ 3 :PP!%, missing addend (-) - ..
. N b 0 I
15, 12/40 1/03 - 2/07 - . 0/0 - »15/50 36
0 26 26/50 1/02 14/27 . 1/62 10/19 52 -
' 9 9/50 <2/m’ 5/28 2/11 0/0 18
Total 50 47/61 7 4/06 % 21/21 ~ 3/03 25/25. . 100
, - N . -
+ ’v; P <

. (coxiinued)




- . P L
. . ) ) » M -
0" i, Table 27 (continued) . )
* - N ' : . - 1] ¢ . J ‘
Direct’ - _ - ** Routine Nonroutine ' T
‘.. " modeling  Counting - mental op. mental op.. Inapprop. . i
N 7T RN It B L £/% £/% Trials -
' . ‘Crask 4 - BV () A
15 Y 17/57 3n0 < 1 3/10 1/03 “6/20
26 ' 25/48 " 8/15 . 14/27 0/0 5/10
9 - 10/56 im0 6133 g 0/0 0/0 "
50 - s52/52 . 13713 23/23 .‘\1'/01 un
"4 ' "Task 5 Comparison -) \ . “\l
. . N N~ ) I
15 ~2/07 . 1/03 "2/07 ., 00" 25/83 30
26 10/19 . 713 slos . 1joz T 30/s8 T TS2TC
9 3/17 1/06 8/44 0/9 6/33 ¢ .18
.50, 15/15 © 9/09 . 14/14 . 1/01 61/61 100 -
Task 6 Joihing,E‘gliésing addend (-)
S15 . s/~ 131 3/10 " 0/0 T 11/37
26, 9/17 19/36 20/38 1/02 . 306
9 1/06_ 8/44 7/39 /06 /  1/06
50 15/15 38/38 30/30° 2/02 . 15/15
. .
i . . -
. ’ . 3
) \ ;
= — SN S - 7*\7 S - —‘,7 - -
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for the comparison and joining_missing addend tasks regardless of cognitive ;,i

T .

A -
[ I

filevel. ‘ . - f . . - . o ;;;

The strategy data for each éognitive leVel on each task for the c I

—

set of problems are prcsented in Table 28. Again, the use of direct

< v >a -

modeling goes down at adgher cognitive ievels as does use of inappropriate . =3

B :
strategies while routine,mental operations in general increase. Cognitive S

Level i children directly model or use inappropriate strategies across e

L2 , ~ > ' ~ 3 T
* _ . . e

all tasks. -The .use of other‘strategies varieStby task. ~

Cre * The same data for €he D and E sets of problems are shown in Table .

e

29, and again the same pattern is evident.. Direct modeling strategies

4 ol 2

are now used only for subtraction tasks. There, seems to be no apparent

* pattern in use of rountine mental operations or algorithms acrcss ]

- - v . -
b ]

cognitive levels or different tasks. , ) N . oL

- ’

Interviews bx»Qgggitive Levels

ct Each child was interviewed on three occasions. Since the first

interview was at the start of the school year and instruction in addition

e * ~

and subtraction comprised a large part of mathematics classes between
. \ X
interviews, we expected improvement in performance over time and perhaps

change in strategies to use of routine mental operations and/or algorithms.

‘

-

The data for thejchildren at different cognitive levels for the three

i+

interviews on the B set of problems ate shown in Table 30. . There is no
. . \ ' -

‘ s

apparent shift in use of strategies over interviews. While there is an

L

increase over time in percent correct (see Table 14), it appears to be

due to the most efficient use of various strategies rather than shift e

in type of strategy used.
& 4 .
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* _* Frequency, of Use of ‘Sirtju.te's:!.el;e by Cognitive Ié&el,ax;‘d —éétéso;y_ for Eggti‘Level c “Task

" Direct T e ,7R_outrineﬁ, " . ’Nonroutine - .
- -modeling Counting . mental ops . _mental op. Tpapprop. ;
R £/% 7, SN £/%
© " ‘Taski Joining () . -
oo {o/o'i' 0/o 070 19/63 -
Y/ IR LY 15/20- 6/08 1013
f.i;}’fa J‘_ 2l -, 19/29 . m '{ 5?08 .
LA . s . s z/_;ig L 3/07
21 /02« 14/33 21/50 6/14 0/0
129 57/22 Cesizs 7328 26/10 37714 -
****** T “Tmask;2 [ Separating (=) L Yk
150 aam0 o iofo " oo, " 0/0 ) st s
A .
38 33/43 5/06 BRETY: 5/06 21/22\ 76+
: .33 15/23 17/26 T 128 12/18 10/15 o 66
: 22 - s/, 17/39 12/21 5/11 5/11 W
o 5,6 e 21 8/19 20/48 ©10/24 . 4109 0/0 B f.g
. Total 129 7388 S9/23 - - 46/18 7 26/10 . sz U asE
Soas Task 3 PPW, missing addend (-) o -,
1 15w oo 1/03 /0. . 18/60 3
2 38 32/42 14/‘18. . .8/10 5196 17/22 ~ 76
3 13 e ¥ “17/26 17/26 8/12 5/08 66~
R 2 409 1432 11/25 - 818 7/16 44
RN 2| & 11 13/31] 08 BT 2/ 0/0
“F l{llC‘l 120 73/28 58/22. _57722 < 23009 47/18
P v R A - . .




_Table 28" (contdnued) -

. , ' B
‘ . i Mrecf - - -. Routine Non;'ouci:ne : B
modeling . Countidg _mental op. mental op. Inapprop. - 7
N R £/% : £/T £/% £I% . " Trials
| Task 4 (PPW.(4) ~ : 2
f - . 3 N N -
I3 010 ofo—"—pfo— . 19/63 ",
B /s 18/24 10/13 0/0 14/18 76's
33 - 91kt 28/42 17/26 a)ﬁjs ' 8/12 | T 66 -
22 176 11025, 17/39 7/16 2/04 W
2 s 16/38 20/48 L "1/02 oo e
g 197 66/26 13028 © 64/25 12/05° e 43/17 258 -
A ’ - ) Task 5 Comparison (-) i
1 15 /o 0/0 070" 0/0 " L 29/97
2 3 14/18 | 12116 7 4/05 6/08 w5
; 3 33 “9/14 /3 - ¢ 1626 . 2/03 /23
- 4 22 9/20 S 12/21 " 14/32 ~ 5/11 4/09 .
H - 5,6 21. /17 20/48 15/36 o/0 - (;/q , 4
/U Total 129 40/16 68/26 49/19 13/05 “ g/ 28
7 K Task 6 Joininé, missing a_ddend (-)
1 o 15 4/13 “1/03 oz o/ 24/80 <30
2 . w2128 20/26 10/13 _5/06 . -20/26 7%
-~ 3 33 7/11 C21/32 23/35 _s/08” " 10/15 6
] 4 Y 4109 10723 20/45 Ces w09
. 5,6 Lo MO, 1843 L9045 1/02 0/0 =
129  sone 70/21 J 73/28 ‘i‘uoe 58/22
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» Table 29

se of Strategies by Cognitive Level and Cat

¥

”

egi)ry for Each Level D,E Task

c4

<)

7 . P - ; = Incorfect |
~ - - «No sentence o Corr_eci: gentence sentence |
. R - bitect . " Routine  Nonroutine =, . Al
- . ' , modeling COmgglg * mental qp. mental op.' Inapprop.’ Alg. » Non-algs ‘ strat.
’ . N £/% /% < £/% £/% £/% £/% £/2 F£/%' Trials
o Task 1 .Joining (+) - ' -
Cosnjtive Level . ot o - ) ) i )
2 12 1/04 * 2/08 --  2/08 0/0 6/25 12/50-  -1/04 0/0 24
N < . 1
3 =8 22° 7/16 6/14 15/34 1/02 2/04 12/27.  1/02 0/0°,. ~ 44
-4 21 2/05, 2/05 16/38 1/02 5/12 - 16/38. 0/0 0/0 42
T5,6 21 o/30 3/07 7 16/38 0/0- 0/0 19/45 . Q0 0/0 42,
Total 76 © 14/09 ~°. 13/09 49/32 .2/01 13/09 , +'59/39.  2/01 0/0 152
- ¥ /4‘ :, =z )
, ) . Tagk 2 Separating (-) . / v
2 C12 i, Cofo 2/08. 0/0 a3 ¢ 8/33 104 1/04 - 24
3, 22 ° 15/34° < 7/16 2/04 " 1/04 16/13 13/29 o/o - 0/0 44
4 - 21 13/31 6/14 6/14 0/0 /10 c 11/26 102 102 42
5,6 21 13/31 5/12. 2/05 0/0 - 2/05 16/38 .. 2/05 - 2/05 |, 42
- g 3 . 4 N .
.Total * 76 45/30 18/12 12/08 QMO T - 20/13 48/31 /03 ©  4/03 . .152
ve ' Task 3 PPW, missing addend (-) )
2 -, 12 4/17 2/08 32 1/04 10/41 417 oo, o/
3 22 13/29 10/23 4709, 0/0 . 11/25 5/11 0/0 1/02
4 21 1331 10 3/07 - 102 13/31 4/09 . 0/0 ¢ *1/02
5,6 21 14/33 . 17/40 5/12 0/0° 2/05 3/07  1/02 - 0/0
" Total 760 4al29 . B36/24 15/10 2/01 36723 . 16/10 1/00 - 2/01
) ' (continued)
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" ’ oo )2 . N ° Table 29. (cont;l.nued) -
F b : - - - .
PRI . . e, A . ) ’ Incorrect -
. . No sentence!- y Correct sentence sentence -
. t z - ‘ *ox . o . . ‘ .
A o o - Direct * ’ . Routine  Nonroutine A1l
ety . . ¢ *  wmodeling Counting mental op. mental op. Inapprop. Alg. Non-alg. strat.
e - I Y7, SR 7 3 £/% £/% © O/ £/% £/% £/%  Trials
7 - . . - . »
A T Task 4* PPW (+) )
h T - < - A g _ . .
) Cognitive Level ) . .
S o 2. Y12 1/04 1/04 4/17 0/0 10/42 8/33 ,0/0. o/0 . 2
Ce . 3 22 7/16 2/04 12/21  _ 0/0 10/23  13/29  0/0 0/0 4b
. .4 o1t 512 4/09 8/19 0/0 6/14 19/45  0/0 0/0 42
5,6 oo 4/99, 6/14 11/26 0/0 -0/, 21/50  0/0 0/0 42
? CoS Total -, 76  17/11 13/09 35:23 c/o, 26/17 61/40  0/9 < 0/0 152
i s ?‘ S < - .
Task 5 Comparison (-)
~,-‘ R 3 B ‘ " b3 N N ‘.
o L T 12 4/17 4/17 2/08 0/0 12/50 2/08 09 o/0 24
ar 3 2 .8/18 ~  16/36 3/07 " 1/02 iy2s T 3/07 o/o 2/04 44
L e 4. 21 9/21 13/31  — 3/07 — - $/12— ——10f2b——0/0 — 0[O0 o 2/05 42 '
A . 5,6 21 6/14 25/60 3/07 1/02 4/09 2/05  9/0 1/02 42
U, Total L% 27/18 i58/38 11/07 7/95 37/24 7/05  0/0 * 5/03 152
:“.sm,_; T o . ’ ) Task 6 Joining, missing addend (-):} { N
. . 2t 12 s/ -3/12 " 2/08 4/17 * 7/29 0/0 1/04 12/08 24
R - 3 =22 1/16 16/36 5/11 2/04 11/25 3107 0/0 0/0 44
- ' . b ! 12/29 13731 4/09 3/07 9/ X ez 0/o o/o . 42 "
: . 5,6 21 7/17 26/62 6/14 . 1/02 1/02 1/02 0/0 0/ 42
‘. Total 76 7 31/20 58/38 17711 10/07 28/18 5/03, 1/01 2/00 © 152
T X . . N
. a a ,
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Table 30

" for All level B Tasks

Frequency of Use -Gf Strategies-by Cognitive Level, Category, and Interview

04

- * -
= Direct Lot Routine. . Nonr.outine .
. modeling Counting mental op. ‘mental op.. Inapprop. ) .
: S0 N £z £/% £/% 17, 2 £/2 Trials
) ‘ Interview 1 *
“Cognitive Level ) .
. 1 30 23/38 7/12 6/10 0/0 24/40 60
= 2 54 48/44 16/15 27/25* 1/01 16/15 108
3 18 . 10/28 5/14 18/50 0/0 3/08 36
Total 102 . 81/40 28/14 51/25 1/0+ 43/21 204
= Q N L4
o Interview 2 ¢
1 30 ., 21/35 3/05 6/10 2/03 28/47 60
2 54 43/40 9/08 25/23 6/05 25/23 108 :
: 3, 18 17/47. 5/14 10/28 2/06 2/06 36 ;
- —Toral - -’ —102-— ——81/40 17/08 41/20 10/05 55/27 204 :
Interview 3 \
.
‘ N
1 . 36 25/42 10/17 3/05 . 3/05 19/32 60
2 48 29/30 18/19 33/34 1/01 is/16 96
3 18 12/33 7/19 11/31 3/08 3/08 36 .
- ;9
Total 96 66/34 35/18 47/24 7/04 - 37/19 192
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The data for children‘at differing cognitive levels on the C tasks
are shown in Table 31. There is an increase in.use of routine mental . i r

operations and a corresponding decrease in direct modeling. This is

; ) . apparent particularly for children at the higher cognitive levels. o

= ‘ .

P Thus, there is some influence of instruction. However, there is no

apparent change in use of inappropriate strategies across in%erviews. N 'Vf
Similar data for the D and E problem sets are presented in Table : ff

- i 32. The effect of instruction is clearly evident in the\increase in
. . ~

use of algorithms. This use is across all cognitive leyels\and not

mited to the higher cegnitivé leVels. At the same time, there is a

orresponding decrease in the use of direct modeling and inappropriate

strategies. ' .

Grade by Cognitive Levels

ce children were also in‘different‘grades, differences in . -

B chil?ren at different cognitive levels within each grade were also
_examined. The data from Grades 1 and 2 on'the B problem set appear 3
. ’, °

in Table 33. A grade effect is apparent since there is an increased

use of routine mental operations between grades from 18% at Crade 1

to 26% at Grade 2 and an increase in use of direct modeling ‘from 30%
h) ’
*at Grade i to 432 at Grade 2. There are also corresponding slight ’

reductions in use of both inappropriate strategies and copnting .

T: strategies.

Data for all three grades on the strate°ies used for the C probleins

are presented in Table 34. There is a reduction in the. use of 1nappropriate '

s

~
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- —Prgquen};y of Use of Strategies by Cognitive Level, Category, and

3 %

ro o -‘;Znterview for All: Level C Tasks 7
] , : N .
e Direct " Routine Nonroutine
‘ modeling Counting mental op. mental op.. Inapprop. . B
: T, _£/% Ay 7 £/ Tials
= Inter'\:i:w 1 —— L =
30 21/35 /0 -0/0 " 0/0 39/65 60
2 78 .7 70145 - 25/16 5103 9/06 47/30 156,
3 66 40/30 43/32 19/14 10/08 20/15 132
) 48 21/22 35/36 ° 17/18 C14/14 9/09 9%
sf,a 42 23/27 41/49 12/16 8/10 0/0 84
* Total 266 175/33 144/27 53/10 ~.°  41/08 115/22 528
- h >Interview 2 ,
i 30 ' 13/22 0/0° ©0/0. -0/0 47/78 féo’
2 J 78 50/32. 28/18 ° . 29/18 5/03 44/28 156
3 66 23/17 35/26 '43/:}2 ' 12/09 19/14 132
4 42 . 9M1 ,+20/24 ©38/45 10/12 7/08 84
5% 42. 9/11 35/42 39/46 " o1/0 070 84
Total 258 104/20 118/23 . '146/2‘; o 28/05 - - 117/23 516
' Interview 3 - ‘- ;
1 30 - 0 16/25  1/02 ' 2/03 0/0 41/68 60 -
2 72 46/32 29/20 25/17 13/09 31/22 %4 -
.3 . 66 8/06 52/39 i T3 w2 14/11 132
0 42 o0 24/28 37/44 14/17° 9/11 84
: . 42 0/0 « 25/30 54/64 5/06 o0/0 84 -
252 70/4°  I3u26  -.160/%2 . 48/10 " es/19 504
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. Table 32

Frequerncy of,Uge of Strategies by Cognitive Level, Category,

@ e

. - ) . ’ " Incorrect -
- . . _-No sentence_ . - .Correct sentence  Sentence ' s
- : — - T .r« r - — - ) ’
. Direct » : - Routine  ,Nonroutine - - A1l :
'/ modeling Counting mental op. ‘mental op. Inapprop., “Alg. Non-alg. strat. 8-
. A 7, BN 7 £/% £/% g £ £/% Trials -
- 7 v Interviey 1 .
7 Cognitive level ’ . , ) , .
2 ° 24 3/06 4fos , - 5/10 .. 3/06 24/50  8/17 1/02 S -0/0 - 48 -
3 © 48 -15/16 26/27, _ 8/08 3/03 25/26 18/19 - 1/01 0/0 96
4 42 19/23 21/25 10/12 3/04 14/17 - 16/19 0/0 1/01 84
5,6 42 32/38 '25/30 - 12/14 2/02 2/02 ., 10/12, 0/0 o014
Total 156 © 69/22 76/24 35/11 11/03 65/21 52/17 2/01 2/01 312
_ Interview ’2‘ J
2 264~ 13/27 2/04 _10/21 1/02 14/29 6/12 1/02 1/02 . 48
-3 " 36 21/29 11/15 14/19 0/0 17/24 9/12 0/0 0/0 <72
4 42 17/20 12/14 17/20 4/05 18/21 14/17° /7 A7o1/01 84
5,6 42 10/12 30/36 16/19 0/0 4/05 - 20/24- 3/04 1/01 84
' Total 144 61/21 55/19 57/20 5/02 53/18 . 49/17 5/02 3/01 288
' Interview 3
| -
24 3/06 6/12 0/0 1/02 15/31 20/¢2 1/02 2/04 48 .
48 21/22 26/21 19720 2702 9709 227123 0/0 ~==3/03 96—
42 18/21 12/14 13/15 3/04 ©15/18 21/25 0/0 2/02';'_\\584
42 6/Q7 27/32 " 15/18 0/0 3/04 32/38 0/0 1/01 84
156 48/15 65/21 47/15 © 6/02 42/13 95/30 1/0 . 8/03 312




- Table 33 . ;

Frequency of Use of Strategies byﬁCogtiitr:ﬁ;e: vel, Categ:ory, and Grade for

) - ALl Level B Tasks ’ \ LG

. ¢ i)i,teﬁctr - ) 'Boé:t;!.ne Nor;routine i
- modeling = Counting _ mental op. pen;tal op. In‘approp.
N N 7/ S 7/ . 7/ 4 1% - £/% Trials .
- A 7 ) . Grade 1 - ! © 7

- r

s& - 35/32 1817 " 15/14 '3/03 T334 108
2 ¢ 42 14/17 24029 24/29 4/05 18/21 84 .=
3 ) 18 19/53~ 8/22 . 3/08 0/0 T o6/17 6 -

. B $ R
Total , 114 68/30 50/21 42/18 .7/03 61/27 228

. Grade 2 B

1 3%, 34/&7’ T 2703 0/0 2/03 34/47  * 1

2 114 106/46 19/08 61/27 4702 38/17 228 -
3 T 36 20/28 9/12 36/50 5/07 2/03 72

Total 186 160/43 30/08 97/26 11/03 74/20 372 f
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‘Table:s4 S S
tequency of Use of Strategies by Cognitive ‘Level, Category, 3nd

¥

-4

L R T AT RS E KR TN

' -+ ‘Grade for All Level C Tasks
g Diréét . Routine .Nonroatine T
modeling Counting mental op. mental op. Inapprop. - )
N £/% £/% - £/% . 14 £/% . Trials-
) Grade 1 ‘
54 \‘\35/35 0/0 ;éua’i”’f 0/0 71/66 108 ¢
2 42 §6l43 14/17 3/04 2/02 29/34 84
] 3, 18 15/42 2/06 0/0 0/0 19/53 36
4 ;~ ' - ‘
5,6 | .
Total 114 86\,/38 16/07 5/02 2/01 119/52 228
i ,
- 4:4] Grade 2
1 36 ° 15/21 1/01 0/0 0/0 56/78 « 72
2 114 116/51 23/10 19/08 6/03 64/28 228
3 36 i6/22 26/‘36‘ 5/07 20/28 5/07 7
- 4
* 5,6 -
' Total 186 147/40 50/13 24/06 26/07 125/34 > 372
Grade 3 _
=
<o 2 72 45/31 37/26 19/13 29/20 144
3 144 102/35 100/35 18/06 29/10 288
4 132 79/30 02/35 38/14 25/09 264
n 5,6 126 - 101/40 105/42 14/06 0/0 252

27/3% - -

334/35
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¥
strategies by grades; there is still a significant difference between
.use of inappropriate. strategies and cognitive level of the students.

Also, from first to third grade, there is a reduction in use of direct

’modeling strategiés'and an increase in the uée of counting skills and

’ v,

routine mental operatibns.‘ These are overall changes not restricted to

éognitive‘level. Thus, while there is.a distinct effect due to grade,

the effect due to cognitive level is still very strong.’

?

-

In Sumharz . . ¢

~

There are important variations in strategies used due to problem

H .

set (size of number), to specific taské, to instruction over time, and ¢

" . ¢
to grade. Yet, what is clear from all these data is that children who'

have been identified as having different cognitive. processing capabilities
consistently use different strategies on thgse‘ad&itigh and -subtraction

kel

tasks regardless of the cther important factors.
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A

Frequency and Pexcent Correct by Cogni

Appendix Al |

Task 1 Joining (+)

z

tive Level, Task Level (&, B-), Grade, and Interview

Grade 1 ' Grade 2 oA
3+ - Total ) B B Total ' [’*i
N ER £/ £/ Trials N £ £/ . EI% Trials
Interview 1 . .
3
3 3/100 2/67 - 5/83 6 2 1/50 1/50 . 2/%50 4
3 .2/67 2/67 - -4/67 6 6 5/83 5/83 10/83 12
1 1/100 1/100 2/100 2° 2/100 2/100 4/100 4
7 6/86 5171 11/78 © -1 10 8/80 8/80 16/80 - 20
Interview 2 4
1 3 -"3/100 2/67 5/83 6 2 1/50 2/100°  3/75 4 -
2 2 1/50 1/50 2/50 ‘4 "7 7/100 ~ 7/100-  14/100 1%
3 1 1/100 1/100 2/100 2 2 2/100 2/100 -~ 4/100 4 i
Total’ 6 5/83 ~ 4/67 9/75 12 11 10/61  11/100 ,21/95 22 ¢
0 :
P 5:4
o Interview 3 -
1 3 3/100 3/100 6/100 T2 2/100 0/0 350 4
2 .2 2/100 . 2/100 4/100 6 6/1007  4/67 10/83 12
3 1 1/100 1/100 2/100 2 2/100 2/100°  4/100 4
Total 6 ° 6/100 6/100  12/100 12 10 10/100 6/60 16/80 20 -
! 5. . :




FE T

Task 2

Am_)endix A2

Se{:argbing -y

. Prequency and Percent Correct by Cognitive Leg;al, Task Level (B+, B-), Grade, and, Interview

r

R B Grade 1 -Grade 2
B B Total B+ B Total
‘N E2° - £2° .62 - Trials N /2 £/2 £/2
. ‘. Interview 1 . i
©3  2/67_  3/100  5/83 -6 2 27100 /50 375
3 73/100  3/100  6/100 6 .6 " 4/61  4]67 8/67
© 1 .1/100 1/100 2/100. ' 2 _ 2/100 2/100 4/100
7 6/86 7/100  13/93 14 10 - 8/80 7/70 15/75
. Interview 2 .
3 3/100 1/33 467 6 .2 2/100  0/0 2/50
2 1/50 2/i00  3/75 4 7 6/86 6486 12/86
1 1/100 0/0 1750 2 2 2/100 2/100 \ 4/100
6 5/83 3/50 8/67 12 11 10/91 8/73 - 18/82
. Interview 3 ¢ :
3 3/100  2/67 5/83 6 ' 2 2/100 0/0 2/50
2 2/100 2/100 4/100 4 6 6/100 3/50 9/75
.1 0/0 1/100 1/50 2 2 2/100 2/100 41100~
6 5/83 5/83  10/83 12 10 10/100 5/50 15/75

~

o




. ' . Appendix A3
o ) . Task 3 - PPW, missing addend (-)
TN Frequeniy and Pe‘rcent:QCOrrect by Cggnitive Level, Task Level (B+, B-), Grade, and Interview
R - Grade 1, Grade 2 ¥
-~ m_ B Total : B+ B-i Total
8 g ~ /% Trials N £/2 £/% £/ Trials =
- . . ) : ) ’ Interview 1 ¢ L -
"Gognitive Level :, ' ! ' ] ¢ -
1 . 3 2/67 0/0 2/33 6 2 " 1/50 0/07 1/25 ¢ 4
. 2 . 3-* 2f00 | 2/67 5/33 ° 6 4/67 4/67 8/67 12
- R Lo 1 0/0 1/100 1/50 2 2 7 27100 2/100 4/100 4
. Total -7 5/71 . 3/43, 8/57 14 10 7/70 6/60 « 13/65 20
4 ®
R Interview 2
1 3 2/67 o/o. ~ 2/33 6 2 1/50 1/56 2/50 4 -
"2 2 2/100 © 2/100 44100 4 7 s/n 6/86  11/18 '
. 3 1 1/100 1/100 2/100 . 2 2 2/100 2/100 4/100 4
> b . . "
Total , - 6  5/83 _ 3/50 8/67 12 .11 8/73 9/82  17/711° 22
— —
—*";"'" . ) . Interview 3 s
1’ 3 1/33 2/67 3/50 6 2 1/50 1/50 2/50 ° 4
. 2 ' 2 1/50  « 1/50 2/50- 4 6 4167 6/100  10/83 12 ‘
3 \/ 1 0/0 1/100- *  1/50 2 2 2/100 2/100 4/100 4
Total = 6 - 2/33 L4167 -6/50 12 10 7/70 9/90 16/80 20
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Appendix A4

Task 4 PEW (+)

Frequency and Percent Correct by Cognitive Level, Task Level (B+, B-), Grade, and Interview

Grade'1 ° Grade 2
. B+ li- Total B+ B~ Total
s N £/% £/% £/% Triais N £/% £/% £/% Trials
_ Interview 1
- rs
Cognitive Level .
. 1 3 3/100 2/67 5/83 6 2 0/0 1/50 1/25 4
2 3 2/67 2/67 4/67 6 6 4167 4/67 8/67 12
-3 1 1/100 0/0 1/50 1/50 2/100  3/75 4
Total 7 6/86 4157 10/71 14 10 5/50 7/70 12/60 20
l .
} Interview 2 R N *
1 3 1/33 2/67 3&50 6 2 2/100 2/100 4/100 4
2 2 1/50 2/100 3/75 4 ' 7 7/100 ' 6/86 13/931\‘ 14
3 1 1/100 1/100 2/100 2 2 2/100 2/100 4/100 4
Total 6 3/50 5/83 8/67 12 11 11/100 10/91 * 21/95 22
* Interview 3.,
1 3 2/67 2/67 “4T61 "6 2/100 2/100. 4/100 4
2 2 2/100 2/100 4/100 4 6 6/100 5/83 11/92 > 12
3 1 1/100 1/100 2/100 2/100 2/100 4/100 4
Total 6 5/83 5/83 10/83 12 . 10 10/100  ,9/90 19/95' - 20
) o
- he f
e, ¥
85 .

“3




Frequency and Percent Co

Appendix AS

Task 5

Comparison, (~)

rrect by Cognitive Level, Task Level (B, B-), Grade, and Interview

.

.

Grade 2

.

Grade 1 '
. B B~ Togtal Bt B- Total
X £/% £/2 £/% Trials N £/% £/% £1%
Interview -1 ..
Cognitive Level .
1 3 0/0 1/33 1/17 6 2 0/0 0/0 0/0
3 o . L
2 3 1/33 1/33 2/33° 6 6  3/50 3/5u 6/50
3 1 0/0 0/0 0/0 +2 7 2 1/50 2/100 3/75
Total 7 1/14 > 2/28 3/21 14 10 4/40 5/50 ° 9/45
Interview 2 -
1 3 1/33 1/33 2/33 6 2 o/o o/0 - o/ &
2 2 1/50 1/50 2/50 4 2/28 4/57 6/{0% T 14 -
'3 B} 1/100 1/100 2/100 2, 2/100 2/100 4/100 4
. Total 6  3/50 3/50 6/50 12 11 4/36 6/54 10/45 . 22,
‘In‘t:;erview 3 . A
; A 3
1 3 2/67, 2/67 4/67 6 2 Q/c 0/0 0/0 \ 4
2 2 1/50 1/50 «  2/50 4 6 2/33 ,  2/33 " 4/33 ‘\12
3 1 .0/0 0/0 0/0 27 2/100 1/s0  .3/75 N
Total 6 3/50 3/50 6/50 . 12 10 4/c0 3/30 7/35 26-\

7

N




Task 6

Appendix A6

Joining, missing addend ‘(<)

Frequency and Psrecent Correct by fognitive Level, Task Level (B+, B-), Grade, and Interview

>

Grade 1 Grade 2
B+ B~ © Total B+ B- Total e f
N £/% £/% Trials N £/ £/x £/% Trialg -
" Interview 1 :
iminitive Level ° ’
o 2/67 1/33 6 0/0 0/0 . 0/0 4
3 2/67 2/67 6 6 2/33  5/83 7/58 12
1 1/100  1/100 2/100 2 2 2/100 2/100  4/100 4
7 5/71 4/57 . 14 10 4/40 7/70 11/55, 20
f Intexview 2 '
37 2/67 0/0 6 2 %100 1/50 3/75 4
2 2/100 2/100 4/100 4 7 6/86 7/100  13/93 14
1 0/0 1/100 2 2 2/100 ,  2/100 4/100 4
6 4/67 '3/50 12 11 10/91 10/91 20/91 22
~ :
! ( Interview 3
N :
3 "3/100 . " 2/67 5/83° 6 2 2/100 1/50 3/75 4
2 2/100 2/100 "' 4/100 4 6 6/100, 6/100 - 12/100 12
1 1/100 ® 1/100 2/100 2 2 2/100 2/100 4/100 4
6 6/100 5/83 12 10 10/100 9/90 19/95 20




Appendix A7

Task 1

Joining:

)

Frequency andv Percent Correct by Cognitive Level, Task Level (C+, C~),*Grade, and Interview

.

/) |

<

Grade 1 - Grade 2 Grade 3
c+ -C-' Total c+ C- - Total c+ “C- Total
N £/2  £/% €% _Trtals N £/2 £z £/ Trlals N £Z /% £/2  Trials
- Interview 1
, Cognitive Level
v 3 2/67 0/0 2/33 6 2 150 0/0  .1/25 4 o

2 3 1/33  2/67 . 3/50 6 2/33 4167  6/50 12 4  4/100 4/100 8/100 8

3 0/0 0/0 0/0 2/100 1/50  3/75 4 8 7/88  8/100 15/9% 16 .
4 ' o . 8 6/75 8/100 14/88 16
N L s ‘ s~ 7 -s5/71  7/100 12/86 14
7 Total 7 3/43  2/29  5/36 14 10 5/50 5/50 10/50 20 27 22/81 27/100 49/51 54

s + M . .
r ' N Interview 2 >
© 2 1/50  2/100 3/75 4 4 , :
7 6/86  4/57 10/71 14 4 4/100 4/100 8/100 8
2 2/100 2/100 4/100 4 8 8/100 6/75 14/88 . 16
. 7 7/100 6/8 13/93 14
) 7 7/100 7/100 14/100 14
12 11 -9/82  8/73 11/17 22 26 26/100 23/88  49/9% 52
Interview 3 :
6 0/9 0/0 . 0/0 6

4 4/67  5/83 - 9/75 12 .4 4/100 3/715 7/88 -~ 8
2. 2/100 - 2/100  4/100 4 .8 - 8/100 7/88 15/94 16
7 7/100 6/86 13/93 14
’ , 7 7/100 7/100 14/100 14
12 10 - 6/60 13/65 20 26 ,26/100 25/88  49/94 52




.Task 2

Appendix A8

Separating (=)

Frequency and Percent Correct by Cognitive Level, Task level (C+, C~), Grade, and Interview

Crade 1 Grade 2 Grade 3
C+ C-- Total ct+ Cc~ Total c+ C- Total
N f/Z £/% £/2  Trials N f/x f/% £/% Trials N £/% /% £/%  Trials
Interview 1
Cognitive Level
1 3 2/617 1/33 3/50 6 2 1/50 0/0 1/25 4
2 3 0/0 '1/33  .1/17 6 4/67 4/67 8/617 12 4 4/100 2/50 6/75 8’
3 0/0 '0/0 0/0 2 1/50 1/50 2/50 4 8 7/88 5/62 12/75 16
4 8 5/62 7/88 12/175 16
5,6 . 7 5/71 7/100 12/86 lﬁ
Total 7 2/29 2/29 4/29 14 10 6/60 5/50 11/55 20 27 21/78:’@g 21/78  42/78 x54
] %
! Interview 2 E
1 3 2/66 0/0 2/33 2 1/50 0/0 1/25 4 i
2 2 2/100 1/50 3/75 6/86 5/71 ~11/78 <14 4 3/75 3/75 6/75 8 E
3 1 1/100 0/0 1/50 2 2/100 i/SO 3/75 4 8 6/175 6/75 12/175 16 1%
4 7 6/86 6/86 12/86 14 :
5,6. ] 7 7/100 7/100° 14/100 14
Total 6 5/83 1/17 6/50 12 11 9/82 6/54 15/68 22 26 22/85 2é/85 44 /85 52
¢ Interview 3 -
1 3 0/0 0/0 0/G 0/0 0/0 0/0 4 :
2 2 2/100 o/0 2/50 5/83 4/617 9/75 12 4 3/75( 3/75 6/75 8 ;
3 1/100 0/0 1/50 2 2/100 2/100 4/100 4 8 8/100 8/100 16/100 16
4 —— 7 5/71 5/71 10/71 14 -
7 7/100 7/100 14/100 14 -
3/25 12 10 . 7/70 6/60 13/65 20 26 23/88 23/88 46/88 52 Ej 55
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$ Task 3 PPW, missing addend -(-)

N 7
* Frequency and Percent Correct by Cognitive Level, Task Level (c+, C~), Grade, and Interview

Grade 1 Grade 2 Grade 3
c+ - C- Tocal - c+ c- Total . - c+ C~ Total'
. X €%, g2 €z Trials N €& € £z  Trials ¥ £/2  £/2  £/%  Trials
il, . ) ) . Interview 1
j Cognitive Level
] 1 3 2/67- 0/0 2/33 1/50  0/0 1/25 | 4.
S 2 3 1/33  2/67  3/50 6 6 4/67 - 2/33  6/50 12 4 3/75  4/100 7/88 8
: 3 "1 o/0 0/0 0/0 1/50  1/50  2/50 4 8 7/88  7/88 14/88 16
4 ) 8 7/88  8/100 15/94 16
5,6 7 7/100 7/100 14/100 14
' -Total 7 3/43 2729 5/36 ! 14 10 6/60  3/30  9/45 20 27  24/89 26/96 50/93 54
Ty Interview 2 ‘
1 3 1/33  0/0  1/17 6 2 0/0 0/0  0/0 4 ‘
-, 2 2 2/100 2/100 4/100 , 4 7 6/86 2/28  8/57 14 4 3/15 3115 6/75 8
3 1 1/100 0/0 1/50 2 2 2/100 2/100 4/100 4 8  8/100 ‘7/88 15/9 16
4 7 3/43 5/711  8/51 14
5,6 7 7/100 7/100 14/100 14
Total 6 4/67 2/33  6/50 12 11 8/73  4/36 12/54 22 26 21/81 22/85  43/87 52
Interview 3
3 1 3 1/33  0/0 1/17 6 2 1/50 /o 1/25 4
: 2 2/100 1/50  3/75 4, 6  6/100 5/83 11/92 = 12 4 4/100 2/50  6/75 8
L Pa 3 1 1/100 0/0 1/50 2 2 2/100 2/100 4/100 4 8  8/100 .7/88 15/94 16
4 . 7 s/;1 5/71 10/71 14
, 5,6 7 7/100 6/8 13/93 14
, fotal 6 4/67 1/11  5/42 12 10 9/90 7/70 16/80 20 26 24/92 20/77  44/85 52
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Task 4 PPW (+)

Frequency and Percent Correct by Cognitive .Level, Task Level (C+,

, .
C-), Grade, aad Interview

\
. 1Y
Grade 1 Grade 2 Grade 3' I
c+ g~  Total c+ ¢c-  Total c+ C-  Total %
§
’ y : |
. N f£/2 f/% _ £/% Teials N £ g% £ Tdals K £/ ER £/%  (Trials
- Interview 1 g ‘\\'\"’
P 1
Cognitive Level N " " |
. % - =
11 2/67 ~1/33  3/50 6 /50 0/0  1/25 4 o
.2 3/100 1/33  4/67 K6 6 4/67 4/67  8/67 12 4 125  2/50  3/37 o
3 1/100, 0/0 ° 1/50 2 2/100 1/50 - 3/75 4 8 ' 7/88  6/75° 13/81 ;: )
§ ' "8 6/75 6/75 12!75 1A
5,6 . . 7/100 /71 12/86 14
Total 7  6/86 2/29  8/57 14 10 7/70  5/50 12/60 20 27 21/78 .19/70 40/74 54
Interview 2 %
- b
1 3 1/33 2767 3/50 . 6 2 1/50 0/0° “ 1/25 4
2 1/50 1/s0  2/50 7 6/86  3/43  9/64 14 4 4/100 4/100, 8/100 8
3 1. 0/0 0/0 0/0 2 ' 2/100 2/100 4/100 4 8 7/88 7/88 14/88 16
4 g 7 7/100 7/100 14/100 14
5,6 - 7 7/100 7/100 14/100 14
Total 6 2/33  3/50 - 5/42 12 11 9/82  5/45 14/64 22 26 25/96 25/96 50/96 52
Interview 3
1 3 2/67 . 0/0 T2/33 2 1/50 0/0 1/25 4 \\u
.2 2 2/100 1/su  3/75 6 4/67 5/83  9/75 12 4  4/100 2/50  6/75 8
3 1/100 0/0 1/50 2 2/100 2/100 4/100 4 8 7/88 6/75 13/81 16
4 7 7/100 5/71 12/86a, 14
516 I 75 7100 FAbo 14/100 14
Total 6 5/83 1/17 6/50" 12 10 7/70 7/70  14/70 20 26 25/96 20/77 45/86 52
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Frequency and Percent Correct by cé\gxiitive Levél,

Appendix A1l

Task 5 COm@rison (-)

¢

Task Level (C+, C-), Grade, and Interview

o « - ] ’ B . L -~
) hd | A - M . .
> ~ 73 ,
t Grade 1 - . . Grade 2 Grade 3 .
c+ ’ 'c- Total * ) R c+ C~ - . <Total, : c+ . C: Total ¢ .
—_— e - ‘ - v
N £/x /% £/% — Trials N £/ €/2  £/% oTrials. N T £/2 £/ &% - Trials
«; v . - » — - . * ' —
o Interview 1 ' %
4 - ’ Pe
. N ’ ) M .
Cognitive Level * : - L4 T N PR , .
g 1 .. ‘ . .
1 oro ofo  0/0 6y, 2 __0/0 0/0  0/0 4 e S
2 2/67 , 1/33  3/50 6 ‘6 2/33  1/17  3/25 )2 4 3/75 . 2/50°  3/62 8
- N . 'Y‘
vt 1 0/0 0/0+ 0/0 2 2 ' 2/100 1/50  3/75 4 8 7/88  5/62  12/75 16
4 . : ¢ ) 8 7/88  6/15 13/81 .16
5,6 - C ' . . 7 ®7/100 7/100 14/300 ‘14
Total 7. 2/29 114 3/21 14 10 4/40*  2/20  6/30 20 27 24/89 20/74 . 44/81 54
o . . \ o ! * R . g * g ) - >
. . A ‘Interview 2 ° | ’ h A
1 1/33 <0/6 117 56 2 " 0/0 - “0/0 + 0/0 4 AU A
2 1/50 0/0  1/25 <4 363 1 4/29 L 4 -3/15 315 v e/1s . 8 T
3 1 1/100° ‘0/0 1/50 2 2 1/50  2/100 3/75 41 8 7/88 6/75 13/81 16
4 g ' . g 7 6/86 . 7/100 13/93, 14
< ot
3,6 . . . 7 7/100 +5/71 12/86 . 14
Total ‘6 3/50 0k " 3/25 12 1 4/36 . 3/21, 1/32 22 26. 23/88 21/81 44/85 52 .
s, . v. e )
- : \ . . .
v Interview 3 ¢
, - . % " -
1- 3 0/ o/0o o/ 6 T2 0/0 0/0 0/0 4 N . ‘
L2 2 0/0 0/0 .0/0 < 4 6 1/17, (/17 2/17 12 4 3/15  3/15 , 6775 '8
3 1" 0/0 0/0 0/0° *2  2/100 2/100 4/100 4 8¢ /75, /88 13/81 16
4 \ C PR 7 e/se  6/8 12/86 bl °
Y. 55 . . P 7 ~'6/86  7/100 13/93 14
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4 ° ,,\"raak Joining, n;s’s’in'g\addehd (..‘) : " - '
- O Frequency and Percent Cmitect‘ by Obgnitive Level, Task Level (C+, C-), Grade," and Interview
. N . R % . . £
N { . . Gradel - ° Grade 2 B Grade 3
- c+ " c- Total™ S C+ (.:-‘-, Total c+ .( C-" " "~Total -
W~ 2 £2 Bz cTials N €2 £ €% Trtals N /3 €2 £2 Tafie o
* I . - o e o e T — —_— —— — ] A
. T T L. . Interview 1 .
Cognitive Level é ., .
1 3 1/33 Co/o .1 6 2 0/0 0/0  0/0 4 ' © 7
2 3 3/100 1/33°  4/67 6 6 3/50 -1/17 .4/33 12 4 3/75  4/100 7/88 8
13 ¢+ 17 0/0 “ 0/0 0/0 2 2 2/100 2/100 4/100 4 8 s/6z - 7/88 °*12/¥5.. 18 "
T e - 8 6/75 - 7/88 13/81° 16\
556 , e . 7 7/106° 7/100 14/100 -¢ 14\
\ Total 7. .4/57 1/14 © 5/36 .14 10 5/50  3/30  8/40 20 27 21/78 25/93 46/85 " 54
N -~ N ) L ) ¢ . T ‘ -
’ v ) ; . Interview 2 .. ot )
] 8 ‘\' N
1 3 0/0  0/0 00 =~ €& _2°, 1/50  2/i00 3/75. 4 . ‘ AP
s 2. 2 2/100 1/50  3/75 7 6/8 3/43  9/64 14 4. 335 3175 6/15 ' 8
Lo ” . 1 :
3 1 1/100- 0/0 1/50 2 * 2/100 1/50  3/75 4 8 7/88  B8/100 15/9% _ 16
4 . . o 7 6/86  6/86 12/86° 14’
. 556 . . ' 7 6/86  7/100 13/93 14
Total 6 '3/50 1/47  4/33 12 11 ~ 9/82  £/54 , 15/68 * 22 26 22/85 24/92 46/88"v 52
77%‘ s |‘ . ) . "
¢ 7 ’ ) Interview '3 - ' ) '
1 3 s oty : 20 -1/50 0/0  1/25 4 .
. 2, 2 2/100, 1/50  .3/75 " 6  6/100 4/67 10/83 ** 12 4  3/75  4/100,- 7/88 8
3 + 21.. 1/100  0/0 1/50 2 2/100 2/100 4/100 -4 8 8/100 6/75 14/88 16
4 . v 7 6/86 686  12/86 14
5.6 © ‘ . # : .7 % 77100 _7/100 14/i00 * 14 5
1 2 12 1 60 1 20 26 34/92° 23/88 '
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. Task 1 . Joining. (+).

Frequency and Percent Correct iay' Cognitive Level,
4 s

3 .

Task Level (D,E), and Interview .
v Grade ?» : .
! : . w ot
T . D , E - .
< . — -
- R ‘ £/% f/% _—' 'Total- 'T}'ialg '
' .'ﬁte'rviev; 1. 3 ]
= L . - ——
Cognitive Lével / -, = A . S
‘ ' ,2/50  _2/50. . 4/50 8
,8/100 , 5/62. 13/81 16
6/86 .5/7L 11/78 1§
7L 6/86 -11/78 14
26 21/81  18fp9 - V39/75 52
,e . Int:erview 2., . : ‘ o
¢ .- N .
4% '3/75 1 1/25 . 4/50 ' . 8
, 6 6/100° 6/100 12/100° - . 12
o, -7 6/86 4/5.7“ 10/71 14
70,7100 8/71 ¢ 12/86 - 1L
24 . 22]92y  16/67 38/79 48
s .
‘ a Interview 3 ' e
T4 \ 4/100 ©  4/100  °.8/100 8
. 8 . 7/88 7/88 . 14/88 16
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: 7 7/100  7/100. 14/100. - 14

26 -24/92  24/92  48/92 T 52 -
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e Freque;xcy-v Percent- or :ct by tCanii:ive Level- - -l **'
- .~ Tas®Jevel (D,E) ér‘aﬁd Interview -—— & e ”*”““‘;{
To T - Grade 3. ‘- : S -
’: . ' * . « ,‘é\ —‘ I‘i
CoL, - . - . i
, °‘ > - D ) E ’ - I
- v X £/% £/% |’ Total Trials )
e v ) Ir;;erview ‘1
- Cognitive Level o '
.2 4 1/25 o/0 = 1/12 - 8
3 . 7 8. 6/15 " 2/25 8/50 16
. 4 7 . 3/43 2/28 5/36 14
e i B S »
5,6 7 5 5/71 4(57 9/64 - 14

~ Total - 26  15/58" 8/31 23/44 . 52

o =

' Interview.2, = ' ..
"2 4 ¢ 2/50  1/25 3/37 8
3 - 6 °"5/83  2/33  7/58 12
s . 1. 33 wst o 1fbo 14 .
;5,6 717 6/86 5/71 - 11/78 14
.Totdl 24 16/67  12/50 . 28/58 © 48
. ' . Interview 3.
.2 Ce . o3/715 3/15 c6/15 | 8
' 3 8 ' 6/75 6/75  12/75 16

4 7SI 45t 9/64 1w \%
5,6 7, 6/86 5/71'3( 11/78 14
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Task 3 PPW, m{.—sging addend (-) S . .
. o 2 * \ ‘ * =t
" Frequency and Pertent Correct by Cognitive Level, ) T
Task Level {D,E), and Interview .. E
‘ - ’ . ’ Gradé 3. . :
, )
- IR , - V- "
. . . . : D . A VoA U Tl
. _ i _Xi‘ . . ° o, ) "ff'i
' N £/2 - £/% .« Total  Trials :
* 4
., Interview 1 .
o \
- Cognitive Level - - 4 ) K
’ . * I
2 .4 1/25" . 0/0 1/12 8 ot
3 s 8 - 4/50. 1/12 5/31 16, '
4 7 2/28 4/57 6/43 14
"5,6 7 5/71 6/86 + +11/78 14
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— % - -
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N } , T
‘2 | 4 2/50 1/25 ,° .3/37 8
3 6 - 3/50 3/50 " 6/50 12
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5,6 J  6/8 . 5/71° > 11/78 4
Total .~ 26 ' 15/62.  11/46 . 26/54 48 . ’
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. ‘ ' 'i'.nterv.iew 3.
. 4 3/75 2/50 °  5/62 8
1 K
"3 8. 7/88 4/50.  11/69 - 16 . -
N ’ - ¢ -
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- Task uevel (D E,, and Interview

?s/k 4 PPW )
o Jtequency_andje:cent Correct by Cognitive LeVel

P 1 Grade 3 T
, , . ‘
> : —
. R D E
. ’ ’3, .
L N - £/% - £/%  Total - Trials
,f _Interview 1 l '
Cognitive Level & . . )
. 2 4 _2/50 _,0/0 . 2/25 _ 8"
B "8 .4/50 5/62 . .9/56 16
A 7 6/86. 5/711 J11/78 14
v 5,6 .71 5/ 6/86" L 11/78 0 14
. Total 26 /7/65' - 16/61 '33/63 52
P
', Interview 2
— /
L2 " s 2/50  5/62 .8
3 . . 6% 3/50 5/83 - 8/67 12
4 7 45T o _4fsT - 85T L4 -
5,6 _ 7. 7/100 77100 T 14/100 | 14
Total 26 1yTL 181535973 48,
“ Intft:view 3 ' s_
N R
2 4 ' 3/15  _ 4/100 ° 7/87 8-
3 %y & 7/83 - ‘1788 .  14/88 16
. 4 7 - 7/100.%..5/71  12/8%, - 14
5,6 7 7/106." 77200 \;Wloo 14
. Total 26, *24/92 . 23/88  47/%0 52
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- Task 5 Comparison (Y)
’ ) . o §
* Frequency and Percent Correct by Cognitive Level,
Task,;Leyel ‘(D,E) ,T'and Interview " .8

Grade 3
= " * ‘
D E -

 “Total Trials

' 'intg;view 1

4
»

Cognitive Level .

2 o 1/25 _ 0f0 132 8
3 8 562 4/50 9/ 16
. 4 7 3/43 2/28  5/36 - .14
5,6 - 77 6/86 4/571  "10/71 1%
Total . 26 15/58  10/38, 25/48 52
.. % Interview 2 -
S VI E w100 © 7/87 8
3° 6 ° 6/100, . 4/67  10/83 12 -
54 LY7o 343 T alsT 1/50 14
5,6 7 7/100  5/71 " 12/86 14
Total 24 .19/79 1'7/7§ 36/75 48
] Interview 3
‘2 4, -—2[50 " 2/50 4750 8
3 ) . 8 wso slez 956 16
4 7 Al57 4157 - 8IS+ 14
5,6 7 hlsT 4/57 8/57 14
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Task 6 Joining, missing addend ( )
> i
Frequency and Pgrcent Correct, by COgnit:ivep Level,
o Task Level o, E), and Interview :
. o " Grade'3 - —., ’
_ N ' e .
. » - D Ee =~ (
& “ .
- . N Y - £/% Total Trials
! .. 'Intefv:{’gw. | _ ~) )
Cognitive Level o~} . - - .
20 " T .e 12 125, 2/25 77 8,
3= 8- -6/~%5——-~4/50h_w/52\ 16
" 4 7 6/8 4/57 - 10/11 14
° . o™ ° . .
4 15,6 "7 . 7/100°  7/100  -14/100 is
Total 26 20/77 16/6L  36/69 52
N LN .
d Iﬂtewiew 2, % ) ‘1'
£ ’_ L aN . ' 3 . ~ -
2 4 4/100 *  1/25 . 5/6z "8
-3 6 3/50  4/67 _ - 7/58 12,
4 7 % 2/28 . 3/43 5/3¢ 14 -
5,6 * "7, 7/100. 6/86  13/93 14
Total 24 16/61  14/58  30/62 48 -
o [\ ’
Interview 3 , ¢
.2 “o41/25 - -2/50 ) ° 3/37 8
3 8 7/88 '5/62 12/75, 16 .
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"~ " Task I Joinlng (4)
[ ~ . 3 . M \ : . q
- - s Frequency of Use of Strategies by Category, “Cognitive Level, Task Level (B+, B-), Grade, and Interview % .
= B - = - - . 4 P .
- ’ ¥ - N\-’“ ., . o Routine Nonroytine ! ) VA . . ~ [
B . . | Direct . mental mental | * : - o ’ L
- ! modeling Counting , operation operation . Inappropriate Strategidés
. ol CA .- C8t” CL '  # Fact . Sub - Heur * Guess Confused Uncod ' Giv # Oper ! YNot adm TS
- | N M B- B+ B- BB B+ B- B+ B-7m B B B B B- B+ B B B B B B 5" Trlale
’ . *X«\ . ' Interview 1, Grade 1 ' & .
] _?r \ : < ~ ) 1. . - = .
- Cognitive Level , - a o 3 P .
: s . +3 1 2 1 1 ‘ . ’ P ' '
} ) 2 31 ' _ 1 .1 ) ) 1 -
' 3 11 1, S ‘
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- ~ . _,As,,\(\ . ’ Interview 3, Grade 1 ) ‘
_ " =

-
|
-
N
N =N W
=
»
¥
[
/
»
-

C 3.
- Total 2 1 1 Z w1 2.1, °0 1 1 >~ 0 -0 0 0 ©0 0 0 0 0 0 0 © o 12
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' BC CODES - . :
Models o
' c’ Cubes : -
F. Fingers . )
N “No Action ) - . .
0 Other ]
Strategies N .
cs Count On From Smaller 7 i
CL Count On From Larga:’ ) ‘
S Stibitizing ) -
ca Count All \ ’ - 1‘
¥ Separate From ;
T Separate To : , ;
MA Match . ‘ T \
A0 Add On | L a <
DF Count Down From ] - . T
UG Count Up From Given i - ' . i
DT Count Down To a . \\‘ i
HU Heuristic ) '\ }
{iF Number Fact l \‘x\ ‘1’ 7;:'
GU Guess : \ B ) v 1
? Confused
. N Uncodable ,
oI Given Number .
op Wrong Operation : -’ 3‘\.
frrors ‘ -
M Misco:mt ‘ ' : . ‘ CC l
F Forgets Data ’ P — ‘5‘—““1
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. BC, STRATEGY CATEGURIES
1, , Direct Modeling
' CA, F, T, MA, AO . L.
] 2. Use of Cbunting . ) . ‘ -
R ¢s, 6L, DF, UG, DT :
. 3. Routine.Mental Operatior; )
- #F e . : .
R 3
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- Strategies

DE CODES

‘Cuygé
Fingers .
Horizontal Addition Sentence
Vertical Addition Sentence
No Action

Tallies

Horizontal Subtraction Sentence

. Vertical Subtraction Sentence
Other

.

Picture'
Organizing Box
Number “ .

A

Count On From Smaller

cs
CL ‘Count Oﬁ From Larger
s Subitizing
. CA ) Coﬁnf All
F Sepatéte From -
T .Separate To
A ﬁA' Maﬁch
A0 - Add/ On”
. A Count Down From
DT Caunt '*Doiop ‘To
}UG ¥. " Count Up From Given
HU Heuristic
< fF * Number Fact )
) GU Guess
¢1 . Given Number = - ¢ /
QP ﬁrong‘Operatioh
AL - Algorithm .
AA Additive Algorithm
1 AL/OP, M gorithm/Operation '
AA/oP Adéitive Algorithm/Operation
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Strhtegies (continued)

Qcs.
QCL
QcA
QDF
QDT
"\ QUG

BG
co

Quasi-heuristic‘CS

Quasi~heuristic CL

Quasi-heuristic CA

Quasi~heuristic(DF_

Quasi-heuristic DT

Quasi-heuristic UG
* Uncodable

Confused

Miscount

.Forgets Data

Wrong Sentence’
Wrong'Analysis
Computational Error
Basic Fact Error

Representatiénal'Errpr

*
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3.

4,

5,

6\

8.

¥

DE STRATEGY CATEGORIES

:Non-sentence/direct modeling
CA, F, AO, MA, T '

Non-sentence/counting,
¢s, CL, DF, DT, UG-

Non-sentence/routine mental operation
%
#F, AL, AA

Non-sentence/non-routine mental qppgg;}pn§
H, QCs, QCL, QCA, QDF, QDT, QUG

'

Non-sentence/inappropriate
Gu, GI, CP; AL/OP, AA/OP, UN, ?

(Correct Hi; Vi sentence/algorithmic
AL, AA

*Correct Ht, Vi sentence/non-algorithmic

any strategy except AL or AA
Imm—

Incorrect sentence !

any strategy
)
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